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SUMMARY 
Little information has existed on substitution rates 
between pasture forages and corn in a beef-fattening 
enterprise. Without this knowledge it is difficult to 
determine which combinations of pasture forage and 
com would maximize profits. Profits in feeding depend 
not only on the cost of feed but also on the time of 
marketing. The pasture forage-corn ration that mini-
mizes costs may not necessarily be the ration that 
maximizes profits, since profits are affected by the time 
of marketing. Both the quality and the price of beef 
are subject to change during the beef-fattening period. 
Consequently, the beef-cattle feeder is confronted 
with the problem of selecting (a) the least-cost pas-
ture forage-corn ration (b) that will place the beef 
cattle on the market finished to a grade (c) at the 
time when the expected market price will maximize 
profits. 
A beef-feeding experiment was designed to deter-
mine the feed relationships between soilage (fresh-
chopped pasture forage) and com. It was conducted 
at two locations over a period of 3 years -1957, 1958 
and 1959. Six different soilage-com rations, ranging 
from all soilage to 2 parts soilage and 1 part corn, 
were fed to different lots of feeder steers at each loca-
tion. The rations at each location were also fortified 
with a feed supplement. Stilbestrol was included in 
the rations at one of the locations. The results of this 
feeding experiment are based on the performance of 
336 head of good-to-choice feeder steers. 
Several alternative regression equations, including 
quadratic, modified Cobb-Douglas and exponential 
functions, were used in this study to estimate produc-
tion surfaces. In each of the functions, an attempt 
was made to remove the effects of autocorrelation by 
estimating an autocorrelation coefficient and then mak-
ing an autoregressive transformation. 
The quadratic functions gave better results than 
either the modified Cobb-Douglas or the exponential 
functions. However, more research is needed to deter-
mine which functions are best under different situa-
tions. In some cases the modified Cobb-Douglas func-
tion gave good results. In other cases, it gave increas-
ing returns to scale, denoting that a small pro-
portional increase in the quantity of feed fed results 
in a more than proportionate increase in beef gain. 
These results are inconsistent with theory. The ex-
ponential functions, which merit further research, gave 
sigmoid isoquant contours, denoting, first, increasing 
marginal rates of substitution between feeds and, then, 
decreasing marginal rates of substitution. Again, these 
results are inconsistent with logic. 
The quadratic production functions for rations with 
and without stilbestrol and the aggregate function 
with the stilbestrol and nonstilbestrol rations combined 
are: 
1. With stilbestrol 
G=0.11637150C+0.02316051F 
-0.0000049955C2-0.0000007455F2 
+0.000000037 4CF -1.2236046H 
II. Without stilbestrol 
G=0.14971812C+0.02128774F 
-0.OOO0122612C2-0.0000007455F2 
0.0000037907CF -2.2005042H 
III. The aggregate function 
G=0.13628727 +0.02193828F 
-0.00OO0819C2-0.00000063F2 
-0.00000253CF -1.75011550H 
In these equations, G refers to pounds of beef gain, 
C refers to pounds of corn, F refers to pounds of 
soilage, and H refers to the deviations of the average 
maximum temperature of each observation interval 
from the mean maximum temperature for the over-all 
feeding period. From these production functions, the 
basic input-output relationships can be derived. 
The marginal rates of substitution of com for soil-
age have been derived for various soilage-corn rations 
at various levels of beef gain. The marginal rates of 
substitution indicate, for a given level of gain, the 
pounds of soilage that could be replaced if an addi-
tional pound of com were added to the ration. For 
100 pounds of beef gain, the marginal rate of sub-
stitution of com for soilage is 6.57 for the 20:1 soilage-
com ration with stilbestrol; it is 5.17 for the 2:1 ration. 
For the same level of gain, the marginal rate of sub-
stitution of com for soilage is 8.11 for the 20:1 soilage-
com ration without stilbestrol and is 7.36 for the 2:1 
ration. The marginal rates of substitution of com for 
soilage are diminishing. Similar results were obtained 
for higher levels of beef gains. 
Time equations, which were derived from estimated 
soilage-consumption functions, express the total time 
(T) required to consume a given quantity of com 
and soilage as a function of the soilage (F) and com 
( C) fed. The time equations for the rations with and 
without stilbestrol are: 
I. With stilbestrol 
T = -558.36128626+0.05781948C 
+6.7475645 (6,847.57044400 
-0.OOOO0523C2-0.82767919C 
-0.26107315H+0.29640324F) \o!o 
II. Without stilbestrol 
T = -1,176.48647060+0.oo763899C 
+ 11.436640 (10,582.2245560 
-0.OOO01571C2+0.45460922C 
-3.07787452H+0.17108144F)M. 
These equations were used to predict the time re-
quired to produce various levels of gain for different 
soilage-corn rations. The time required to produce a 
given level of gain, for the rations both with and 
without stilbestrol, decreases as the proportion of corn 
in the ration increases. Also, for a given feeding period 
the maximum level of gain is attained with the heaviest 
com ration (i.e., the 2:1 soilage-com ration). 
The beef steers were graded at definite intervals 
during the feeding period. After the grade observa-
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tions (which were in subjective grade terms) had 
been coded, a functional relationship that expressed 
grade as a function of the com and soilage fed was 
estimated for both the stilbestrol and nonstilbestrol 
rations. The over-all equations for estimating the grade 
of beef steers fed various soilage-com rations either 
with or without stilbestrol are: 
I. With stilbestrol 
Q=21.67 +O.0024655079C 
+O.0000220680F -O.OOO0003510C2 
II. Without stilbestrol 
Q=21.67 +O.00l6294178C 
+O.OOO0270836F -O.OO00000330C2 
where Q is the predicted slaughter grade which can 
be interpreted in subjective grade terms. From these 
grade functions, the isograde equations, as well as the 
marginal rates of substitution equations, can be de-
rived. 
To estimate the profits from feeding different soil-
age-corn rations for feeding periods of different 
lengths with different feed-price assumptions, it was 
necessary to derive a price function that would esti-
mate the price of the beef steers during the feeding 
period. These price functions represented the grade 
of the beef steers during the feeding period, as well 
as the general market price associated with the grade. 
The estimated price functions were used in the over-
all stilbestrol and nonstilbestrol profit functions. The 
profit equations are: 
884 
I. With stilbestrol 
'11'= ( 850.00+0.11637150C+0.02316051F 
-0.OOOOO49955C2-0.0000007455F2 
+0.000000037 4CF -1.2236046H) 
(0.2500-0.00oo040158F +0.OOO0382807T 
+O.OO00017537T2-0.oo0oooo048FT) 
-PcC-PFF -O.2TPs-K 
II. Without stilbestrol 
'11'= (850.00+0.14971812C+O.0212877 4F 
-0.OOO0122612C2-0.00oo005775F2 
-O.OOO0037907CF -2.2oo5042H) 
( O.2500-0.0000004996F -O.0002393978T 
+0.OOOOO36576T2-0.0000000281FT) 
-PcC-P};'F -O.2TPs-K 
where '11' refers to the profit, Po refers to the price of 
corn, P),. refers to the price of soilage, Pa refers to the 
price of the supplement, K is the value of the feeder 
steer at the beginning of the feeding period, and all 
of the other symbols are the same as explained for the 
earlier equations. 
Estimated profits from feeding beef steers various 
soilage-com rations for feeding periods of various 
lengths under various feed-price assumptions have 
been tabulated in the text. Usually, for this experiment, 
the greatest profits are obtained by feeding the heavi-
est com ration. However, when the price of soilage is 
low relative to the price of corn, the most profitable 
ration includes less corn and more soilage. 
The equations and the procedure also are given in 
the text for obtaining the optimum feeding period 
for any given soilage-com ration under different feed-
price conditions. Similarly, the equations and the pro-
cedure are given for obtaining the optimum soilage-
com ration with different feed-price assumptions. 
Beef-Cattle Production Functions 
in Forage Utilization! 
by Earl O. HeadYt Glenn P. Roehrkasset Walter Woods and J. M. Scholl 
The optimum proportion of land which should be 
devoted to forage or grasses and grain has long been 
studied by agriculturists. Similarly, the optimum pro-
portion of forage, grain and other feed materials to be 
included in a livestock ration has been a continuous 
concern. These are not unrelated problems since, as 
has been shown elsewhere, the optimum proportion 
of forage and grain is not independent of the optimum 
proportion of the two crops grown in the crop rota-
tion (and vice versa). 2 For a physical maximum of 
livestock production from a given land area, the mar-
ginal rate of substitution of feeds produced in the crop 
rotation must equal the marginal rate of substitution of 
the same feeds used in the livestock ration. Even where 
attempts are not made to maximize the livestock pro-
duct from a given land area, these two sets of marginal 
rates of substitution are basic to decisions on profit 
maximizing in growing crops or feeding livestock. 3 
These rates of substitution provide fundamental 
knowledge for determining optimum pasturage sys-
tems. Many experiments have been conducted in re-
cent years to evaluate returns and feasibility of pas-
ture. Experiments, in the Corn Belt especially, have 
been based on beef feeding where the cattle are 
handled differently on pasture. Several such experi-
ments have been conducted in Iowa. One difficulty 
has prevailed in these studies; namely, while the corn 
consumed by the animals was easily measured, the 
forage grazed could not be measured with similar 
accuracy. Without ability to measure forage consump-
tion, the beef production function could not be esti-
mated. 
This study has been designed to allow prediction of 
grain surfaces and marginal substitution rates through 
the feeding of soilage (green-chopped forage) as the 
forage input. In providing forage in thi.s mann.er, f~ed 
quantities are measurable. Hence, basIC relationships 
in crop use and animal nutrition can be ~stimate? 
It is recognized, of course, that some vanance still 
exists in the measurement of feed intake when forage 
is provided in this form. Too, it is known that the 
feed composition, as among species of plants, differs 
under soilage feeding in drylot and unrestricted pas-
turage. 
1 Projects 848 and 1135 of the Iowa Agricultural and Home Economics 
Experiment Station . 
• See: Earl O. Heady. Resource and revenue relationships in agri-
cultural production control programs. Rev. Econ. ond Stat. 33:226-240. 
1951; and Earl O. Heady. Economics of agricultural production and re-
source use. Prentice-Hall. Inc., New York. 1952. pp. 167-265 • 
• Earl O. Heady and John L. Dillon. Agricultural production functions. 
Iowa State University Press, Ames. 1961. Pp. 31-73. 
Other differences also exist: Cattle in pasture 
trample grass and otherwise render some of it unus-
able. Accordingly, beef production from soilage pro-
duction is not identical to that from pasture produc-
tion. Gains in drylot differ from the performance re-
sulting from wider animal movement over pasture. 
Finally, these results, as those of other feeding experi-
ments, apply only to the types, grades and ages of 
livestock used in the study. 
However, although these differences exist, this 
study, with cattle fed soilage in drylot, has been con-
ducted to provide fundamental data relative to pas-
ture production and utilization. The method at least 
provides measurable quantities and basic predictions 
in livestock nutrition. It is expected that the quantities 
which result might be transformed to fit other feeding 
systems and forage production conditions. For ex-
ample, if the marginal productivities and substitution 
rates of forage as measured in this study can be 
transformed, even though imperfectly, into equivalent 
quantities of hay or other green forages, or into green 
forages of other locations, progress will have been at-
tained. That is. the experimental results then would 
have some predictive value for locations and forage 
conditions other than those of the particular expen-
mental sites. 
The data also provide information for estimating the 
fundamental mathematical basis of animal nutrition; an 
important possibility which has not been explored. The 
data also are suited to other purposes in agronomy, 
animal science and economics. However, only the 
basic predictions from the experiment, which can pro-
vide the foundation for these other uses, are made 
and reported in this phase of the research. This study 
involves the prediction of beef-gain production func-
tions and the associated relationships of gain isoquants, 
marginal substitution equations, isoclines, expansion 
paths, quality isoquants, isotime contours and associat-
ed numerical quantities. The predictions are used in 
specifying some least-cost and profit-maximizing ra-
tions in the feeding of soilage. 
SCOPE AND OBJECTIVES OF THE STUDY 
The experiment was designed to provide data for 
estimating a beef-cattle production function and sub-
stitution rates between two kinds of feed-corn and 
fresh-chopped pasture forage (soilage). 
The inferences possible from this study are restrict-
ed by the experimental data. The feeder cattle used 
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were good-to-choice steers, averaging about 850 
pounds. The feeding period is limited to the pasture 
growing season, since the rations fed in the experi-
ment were restricted to various combinations of corn 
and fresh-chopped pasture forage (soilage). 
The beef-feeding trials were conducted at two sepa-
rate locations over a 3-year period. The experimental 
design at the two locations was the same except that 
stilbestrol was included in rations at one location and 
not in those at the other location. Thus, to the extent 
that location had an effect on gains, differences be-
tween rations with and without stilbestrol cannot be 
attributed simply to stilbestrol. While an attempt was 
made to keep the conditions comparable, management 
of cattle and feeding may have differed somewhat at 
the two locations. While the beef-feeding experiment 
may be treated as one including stilbestrol and one 
without it, comparisons between stilbestrol and non-
stilbestrol rations and interpretations must be made 
with knowledge that there mayor may not have been 
a location effect. 
The specific 0 bj ectives of this study were: (a) to 
determine the rates at which pasture forage and com 
substitute in the beef-fattening process, (b) to deter-
mine the rate at which such feeds are transformed 
into beef gains for different pasture forage-corn ra-
tions, (c) to determine the time required to produce 
different levels of gain for different pasture forage-
com rations, (d) to determine the quality of beef 
cattle (i.e., the grade) produced from various pasture 
forage-corn rations, (e) to estimate, under different 
price conditions, the combination of feed, gain and 
grad~ that will maximize profits for the soilage 
growmg season, (f) to compare various rations with 
and without stilbestrol and (g) to consider alternative 
functional forms for evaluating feed-gain relation-
ships. 
EMPIRICAL RESULTS 
A beef-feeding experiment extending over 1957 
1958 ~nd 1959 provided the data for this study. Thi~ 
expenrnent, conducted cooperatively by the Depart-
ment of Animal Science, the Department of Agronomy 
and the Department of Economics and Sociology, 
IowB: State University, was designed specifically to 
proVIde data for estimating the production function 
and feed relationships for beef steers fed on soilage 
(fresh-chopped pasture forage) and corn. 
Experimental Design 
The beef-feeding experiment, designed to determine 
the feed relationships of soilage and corn for fattening 
beef steers, was conducted at the Western Iowa Ex-
perimental Farm at Castana and the Soil Conserva-
tion Experimental Farm at Shenandoah. The rations 
at Castana contained 10 mg. of stilbestrol daily, while 
those at Shenandoah did not. The soilage and com 
at both experimental farms were mixed and full fed 
in fixed proportions. 
Experimental Cattle 
The cattle were Hereford steers purchased the pre-
ceding fall as choice feeders at Omaha. After pur-
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chase, they were divided between the farms and win-
tered on a ration to gain about a pound per day. A 
week before the beginning of the soilage-feeding ex-
periment in the spring, half of the steers from each 
farm were transferred to the other farm. Then steers 
were allowed access to pasture for conditiOning; next, 
the steers were individually weighed on 2 successive 
days. On the basis of the average of these two weights, 
the wintering location and the winter gains, they were 
placed in eight lots of seven steers each at each loca-
tion. Four of the steers in each lot had been wintered 
at each location, and experimental treatments were 
assigned randomly to the eight lots of steers. In 1957 
the steers were weighed individually at 28-day in-
tervals. In 1958 and 1959 they were weighed at 21-
day intervals. The steers also were weighed individual-
lyon 2 successive days at the end of the soilage-feed-
ing experiment and at any time the cattle were sold. 
The average of the two weights was used as the weight 
for that particular time. 
The C~stana cattle were fed for 133 days in 1957, 
144 days m 1958 and 132 days in 1959, for an average 
feeding period of 136 days. The Shenandoah cattle 
were fed for 138 days in 1957, 144 days in 1958 and 
132 days in 1959, for an average feeding period of 
138 days. The steers were appraised at definite in-
tervals during the experiment. Whenever the average 
grade of anyone lot was appraised as low-choice, they 
were sold. Similar lots of both farms were sold at the 
same time. For each year, 56 steers were required for 
the experiment at each farm, with a total of 122 head 
per year. The results, covering a 3-year period, were 
based on the performance of 336 steers. 
Experimental Treatments 
Six different treatments at both locations and two 
replicated treatments, one at each location, were in-
cluded each year. With two of the six treatments 
duplicated each year, all treatments were included in 
the experiment the same number of times after three 
years. Table 1 shows the number and kind of experi-
mental treatments, including those replicated each 
year, for the 3-year period. These same treatments, 
aside from the stilbestrol mentioned elsewhere, were 
used at each location. The first replication was at 
Castana. 
Feed Supply 
The six feed combinations, or rations, fed ranged 
from all soilage to 2 parts soilage and 1 part corn. 
The forage, fed as soilage, was an alfalfa-bromegrass 
mixture-predominantly alfalfa, with bromegrass mak-
ing its main contribution during the first clipping. It 
Table 1. The experimental treatments or rations for the 3-
year periad-1957, 1958 and 1959. 
Lot 
nllmbcr 1957 
1 .. .. . . . . All soilage 
2 ........... 20:1 
3 ............ 10:1 
4 ..... 5:1 
5 ... 3:1 
6 .. ........ 2:1 
7 ... ...... All soilage 
8 5:1 
Rationll 
1958 
All soilage 
20:1 
10:1 
5:1 
3:1 
2:1 
20:1 
3:1 
• The ratio of soilage to rom by weight. 
1959 
All soilag~ 
20:1 
10:1 
5:1 
3:1 
2:1 
10:1 
2:1 
Table 2. Composition of the supplement fed at Castana and 
Shenandoah. 
Castana Shenandoah 
Lots Lots 
All receiving All receiving 
soilage com and soilage corn and 
lots soilage lots soilage 
Ingredient (lbs.) (lbs. ) (lb •. ) (lbs.) 
Alfalfa meal 80.0 80.0 
Ground corn 80.0 80.0 Dried molass"';' 
.,., . 10.0 10.0 10.0 10.0 
Dicalcium phosph~i" 6.0 6.0 6.0 6.0 Salt 2.5 2.5 13.5 13.5 
Trace mi~~r~ 'pr~;";ix .. :: 0.5 0.5 0.5 0.5 
Stilbestrol premix ........ 1.0 1.0 
10'0.0 Total ..... , ... 100.0 100.0 100.0 
was chopped once daily and was fed fresh with the 
proper amount of concentrate and supplement. 
The concentrate was ground, shelled corn of about 
14 percent moisture. The supplement at each location 
was fed to all lots at 1 pound per head per day 
throughout the experiment. Table 2 shows the com-
position of the supplement fed at the two farms. 
Estimation of the Production Function 
Based on economic and nutritional theory, several 
different algebraic equations were estimated for the 
data from each farm. The functions for the full 3 years 
at each farm are denoted as the over-all functions, 4 
either with or without stilbestrol. Interest is mainly in 
the over-all functions, since they parallel the environ-
ment within which a farmer makes decisions. Unable 
to predict the outcome for individual years, he must 
make decisions on the basis of an "expected" or aver-
age outcome. The over-all equations express total gain 
as a function of th. feed consumed and temperature. 
The aUaUa meal fed in the supplement was con-
verted to a soilage basis" and then cf)mbined with the 
soilage fed to give a totr.l soilage (furage) input. The 
corn fed in the supplement was con.bined with other 
corn in the rations to give a total corn input. Table 3 
shows the composition of the supplement, fed at the 
rate of 0.2 of a pound per head per day, after the corn 
and aUaUa meal were thus "deleted." 
Gain and feed observations, on a per-steer baSis, 
were added progressively to give a cumulative series 
of gains and of soilage and corn consumption from 
the beginning of the feeding experiment. The daily 
maximum temperatures for each feed-gain observa-
• "Over-all" refers to the combined feeding periods of all 13 years at 
anyone farm. 
• Alfalfa meal was converted to soilage by the following method: 
Lb f il - (lb f alfalf al) (% alfalfa meal dry matter) 
•• 0 so age- s. 0 a me (% soilage dry matter) 
The percent dry matter of good alfalfa meal was obtained from: Frank 
B. Morrison. Feeds and feeding, a handbook for the student and stock-
man. 21st Ed. The Morrison Publishing Co., Ithaca, N. Y. 1949. p. 1086. 
The percent dry matter of soilage was obtained by taking the mean 
percent dry matter from sam!'les of the soilage that was fed. 
Table 3, Composition of the supplement for the stilbestrol 
and the non stilbestrol rations. 
Ingredient 
Feeder steers 
receiving 
stilbestrol (pounds) 
Dried molasses ............. . 
Dicalcium phosphate ......... . 
Salt ............ . 
Trace mineral premix ........ . 
Stilbestrol premix ........... . 
Total 
50.0 
30.0 
12.5 
2.5 
5.0 
100.0 
Feeder steers 
not receiving 
stilbestrol (pounds) 
50.0 
30.0 
17.5 
2.5 
100.0 
tion period were listed;G then the temperatures for 
each interval were averaged to give an average maxi-
mum temperature for each feed-gain observation 
interval. A temperature series was obtained by com-
puting the difference between the average maximum 
temperature for each feed-gain observation interval 
and the mean maximum temperature for the over-all 
feeding period. This series was used, with the cumula-
tive series of gain, soilage consumption and corn con-
sumption, to estimate the production surface. 
Autocorrelation 
Coefficients estimated when the observations for the 
same steer are related over time give rise to problems 
of autocorrelation, While feed-gain observations be-
tween lots of steers are independent, successive ob-
servations on anyone lot of steers are not independ-
ent. If the observations on anyone ration were to be 
independent, the number of lots of steers would need 
to be as great as the number of observations, each 
lot being observed one time only. 
If the coefficients of the production functions were 
estimated by least squares under the assumption that 
the error terms, Ut (where t is an index of time), have 
the following properties: 
( a) The errors, Ut, are uncorrelated with each of 
the independent variables in the equation 
(b) E(ud =0, and the Ut'S are normally dis-
( 1 ) tributed 
(c) E(Ut2 ) =0-2 < 00 
(d) E(utu.)=O t ¥ s 
then the coefficient estimates are the best linear un-
biased estimates. However, if there is autocorrelation 
in the errors, Ut. and they follow the autoregressive 
scheme: 
Ut = {3Ut-l + et 
where {3 is the autocorrelation coefficient and et is a 
random variable with the following properties: 
( a) The errors, et, are uncorrelated with each of 
the independent variables in the equation 
( b) E ( ed =0, and the et's are normally dis-
(2) tributed 
(c) E(et2 ) =0-2 <00 
(d) E( ete.)=0 t ¥ s 
and if the production function is estimated under the 
assumptions given by equations 1 when the errors are 
really autocorrelated, then the estimates remain un-
biased and consistent but are no longer efficient.7 
The presence of autocorrelation in the estimating 
equation does not bias the regression coefficients or 
make them inconsistent. It does, however, affect their 
variances and covariances.8 Wold and Jureen state 
that, if the residuals are not autocorrelated, the co-
efficients estimated by least squares are unbiased, and 
• Climatological data for the Western Iowa and the Soil Conservation 
Experimental fanns are available through United States Department 01 
Commerce climatological reports. 
• D. Cochrane and G. H. Orcutt. Application of least squares regres-
sion to relationships containing auto-correlated error terms. Jour. Amer. 
Stat. Assoc. 44, 132-61. 1949. 
• Stl'fan Valavani~. Econometrics. McGraw-Hili Book Co., Inc., New 
York. 1959. 
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the usual statistical test of the coefficients is valid. If, 
however, the residuals are auto correlated, the question 
of significance is " ... subject to a considerable margin 
of indeterminancy."9 
Cochrane and Orcutt show that the method of least 
squares, when applied in the usual manner to relation-
ships that contain " ... highly positively auto-correlat-
ed error terms results in an extremely inefficient use 
of data .... "10 Furthermore, they point out that most 
of the efficiency may be regained by a transformation 
that will make the error terms approximately normal. 
To make tests of significance and to construct con-
fidence limits, the error terms must be random. If the 
error terms that were highly autocorrelated have been 
made random by a transformation, then it is possible 
to make tests of significance and to construct con-
fidence limits in the usual manner,u 
Basic Equations 
One of the equations used to estimate the produc-
tion surface was a quadratic function12 of the type: 
(3) Gt=a1Ct+a2Ft+aaCt2+a4Ft2 +ar;CFt+ut 
where G refers to pounds of beef gain, C refers to 
pounds of com, F refers to pounds of soilage, the ai s 
(i=l, .. " 5) are constants to be estimated, u is a 
random variable and t is an index of time. The quad-
ratic production function is estimated without a con-
stant term under the assumption that, when com and 
forage intake is zero, beef gain also will be zero. 
To remove the effects of autocorrelation, the as-
sumption was made that the random variable, Ut, was 
generated by the autoregressive scheme 
(4) Ut = f3Ut-l + a6Ht + et 
where 13 is the autocorrelation coefficient, H is a 
temperature variable, ao is a constant to be estimated 
and et is a random variable with the properties given 
by equations 2. 
The temperature variable is included in equation 
4 under the assumption that temperature would in-
crease or decrease beef gains depending upon the 
temperature for each observation interval. 
Equation 3 can be written for t-l as: 
(5) Gt_1 = a1Ct-1 + a2Ft-1 + aSC2t_1 + a4F2t_l + 
a liCFt-1 + Ut-1· 
Now equation 5 can be solved for Ut-1 and substituted 
into equation 4 to give 
( 6) Ut = f3( Gt-1 - a1 Ct-1 - a2F t-1 - aaC2 t-l -
a4F2t_1 - aliCFt-d + aoHt + et. 
• Herman Wold and Lars Jureen. Demand analysis. John Wiley and 
Sans, Inc., New York. 1953. 
• 0 Cochrane and Orcutt, 01'. cit. 
11 Ibid. 
11 Previous work with the data indicated that the quadratic function 
consistently gave a better statistical fit than did the linear: Cobb-
Douglas or square-root functions. The results of a modifiea Cobb-
Douglas function and an exponential function are reported in Appendix A. 
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If equation 6 is now substituted into equation 3, the 
following equation is obtained: 
(7) (Gt - f3Gt-l) = a1(Ct - f3Ct-I ) +a2(Ft -
13Ft-I ) + as(Ot - f3C2 t_d + 
a4(F2t - f3F2t_d + a5(CFt -
f3CF t-1) + aoHt + et. 
If the variables in equation 3 are replaced by the 
transformed variables in equation 7, then the errors, 
et. are not autocorrelated, and the least squares method 
of estimation will apply.1s Such a transformation re-
quires knowledge of the autocorrelation coefficient 13. 
An empirical estimate of the autocorrelation coefficient 
was made independently of the functional form used 
to estimate the production surface. This estimate was 
obtained from the gain observations by taking the 
deviations from the observation period means of the 
replicated lots and then regressing the deviations for 
observation period t on the deviations for observation 
period t-1. This gives a maximum likelihood estimate 
of f3. This same procedure was used for all 3 years 
at both locations to obtain an average autocorrela-
tion coefficient. The autocorrelation coefficient, 13, esti-
mated by this procedure was 0.8954, with a standard 
error of 0.0709. This coefficient is significant at the 
0.01 probability level.14 
U sing this estimate of the autocorrelation coefficient, 
the variables in equation 3 were transformed as in-
dicated in equation 7. The transformed variables were 
used to obtain least-square estimates of the coefficients 
in the production function. 
The production functions so estimated using the 
quadratic function are: III 
I. The over-all stilbestrol function 
( 8) G = 0.1l637150C + 0.2316051F 
- 0.0000049955C2 - O.OOOOOO7455F2 
+ 0.OOO0000374CF - 1.2236046H 
II. The over-all nonstilbestrol function 
(9) G = 0_14971812C + 0.02128774F 
- 0.0000122612C2 - 0.OOOOO05775F2 
- 0.000OO37907CF - 2.2005042H. 
The coefficient of determination, standard errors and 
the "t" values for the over-all stilbestrol and nonstil-
bestrol production functions are presented in tables 
4 and 5. The coefficient of determination is quite high 
for both the stilbestrol and the nonstilbestrol func-
tions indicating that the quadratic function explains 
a major portion of the variance in beef gains. All 
of the variables in the nonstilbestrol function are 
significant at a probability level of 0.05 or less. How-
13 G. Tintner. Econometrics. John Wiley and Sons, Inc., New York. 
1952. 
U The "t" value of the estimated coefficient is 12.6283 with 143 
degrees of freedom . 
'5 In addition to the two over-all production functions, an "aggregate" 
production function also has been computed. This aggregate function 
is obtained by fitting the quadratic function collectively to both the 
stilbestrol and nonstilbestrol data. The aggregate production function, 
along with the isoquanl schedules and the marginal rates of substitution, 
is presented in Appendix B_ 
Table 4. Coeffic:ient of determination, stondard errors and 
"t" values for the over-all stilbestrol production 
function (equation 8). 
0.9784 
Independent 
variable 
C 
F 
C· F2 
CF 
H 
Standard 
error of 
regression 
coefficient 
0.016265 
0.002t312 
0.000006 
0.000001 
0.000002 
0.307973 
"t" 
value 
7.155 
10.017 
0.855 
4.202 
0.019 
3.973 
Level of 
signillcance 
p<0.001 
p<0.001 
0.20<p<0.40 
P<O.OOI 
p<0.50 
p<0.005 
Table 5. Coefficient of determination, standard errors and 
"t" values for the aver-all nanstilbestrol produc-
tion function (equation 9). 
0.9718 
Independent 
variable 
C 
F 
C' 
F' CF 
H 
Standard 
error of 
regression 
coefficient 
0.015948 
0.002163 
0.000006 
0.0000001 
0.000002 
0.306167 
"t" 
value 
9.388 
9.843 
2.148 
4.197 
2.288 
7.187 
Level of 
significance 
p<O.OOI 
p<0.001 
0.01<p<0.05 
p<0.001 
0.01<P<0.05 
p<0.001 
ever, two variables in the stilbestrol function are ac-
ceptable only at a probability exceeding 0.4. Never-
theless, these variables have been retained in the 
production function since they appear to be consistent 
with logic. 
The coefficient on the temperature variable (H) for 
both the stilbestrol and nonstilbestrol functions is sig-
nificant at least at the 0.005 level of probability. The 
negative sign on the temperature coefficient indicates 
that gains decrease as the temperature rises. 
Other Functions 
Particular forms of exponential and Cobb-Douglas 
functions also were fitted to the data. The estimates 
of both functions are reported in Appendix A. They 
were rejected because of the peculiarities of the func-
tion so derived. The exponential functions gave rise 
to sigmoid gain isoquants, and the Cobb-Douglas func-
tion gave increasing marginal productivity of feeds. 
Square-root functions, not reported in the Appendix, 
were much less efficient for estimation than the quad-
ratic equations used. 
Experiments for the two locations also were pooled 
to obtain the "aggregate" relationships reported in 
Appendix B. While the stilbestrol and nonstilbestrol 
functions did not differ significantly at the 0.01 level 
of probability, they were significant at the 0.05 level. 
Hence, the two sets of functions are kept separate in 
the text discussion which follows. 
Gain Isoquants 
The beef-gain isoquant equations for rations with 
and without stilbestrol, derived from the two over-all 
production function equations (8 and 9, respectively) 
are: 
1. With stilbestrol 
( 10) F = 15,533.54124 + 0.0250838C + (-670,690.-
811) [(0.02316051 + 0.0000OO0374C)2 
+ 0.00000298 (0.11637150C -
0.0000049955C2 - 1.2236046H - G)] % 
II. Without stilbestrol 
(11) F = 18,430.94372 - 3.28199134C + (-868,-
800.865) [( 0.02128774 - 0.0000037907C) 2 
+ 0.00000231 (0.14971812C -
0.0000122612C:J - 2.2005042H - G)] 'I,. 
The isoquant equations express soilage (F) as a 
function of corn (C), the level of gain (G) and temp-
erature (H) .16 With beef gains held constant at a 
given level, the isoquant equations specify all possible 
combinations of soilage and corn that will produce 
this given level of gain. 
Substitution Rates 
Equations for determining the marginal rates of 
substitution between soilage and corn for the rations 
with and without stilbestrol can be derived from iso-
quant equations 10 and 11, respectivel)'. The equa-
tions for predicting the marginal rates of substitution 
of corn for soilage are: 
1. With stilbestrol 
(12) 8F 
8C 
0.11637150 + 0.00OOO00374F 
- 0.02316051 + 0.0000000374C 
- 0.000OO9991C 
- 0.000001491F 
II. Without stilbestrol 
(13) SF _ 0.14971812 - 0.00OO037907F. 
8C - 0.02128774 - 0.OOO0037907C 
- 0.OOoo245224C 
- 0.OOO001155F 
Beef-gain isoquant schedules and the marginal rates 
of substitution associated with them have been derived 
for 100, 200, 300, 350 and 400 pounds of beef ga41 and 
are presented in tables 6 and 7. Corresponding gain 
isoquants are presented in figs. 1 and 2. Since the 
study did not include soilage-corn ratios beyond 2:1, 
the isoquant schedules beyond a 2:1 ration are extrap-
olations. 
The rate at which corn will substitute for soilage in 
anyone beef-fattening ration for a given level of gain 
is indicated by the slope at a particular point on the 
isoquant. The rate of substitution indicates, for any 
one level of gain, the amount of soilage that may be 
replaced by a I-pound increase in corn. Since the iso-
quants in figs. 1 and 2 are curved and convex to the 
origin, the marginal rates of substitution of corn for 
soilage for all levels of gain are at a diminishing rate. 
Substitution rates for anyone level of gain are large 
for rations with a small proportion of corn and dimin-
ish as the proportion of corn in the ration increases. 
For example, in table 6, 11,127 pounds of soilage and 
300 pounds of com can be fed in a ration to produce 
.6 While the temperature variable is included in the isoquant equa-
tions, as it will be in nil other equations, the temperature will be fixed 
at the over-nil mean for most of ilie analysis which follows. Wlless other-
wise stated. Th.. over-all mean temperature for the stilbestrol feeding 
period was 79.36 degrees F., while the over-all mean tl'll1perature for the 
nonstilbestrol feeding period was 83.69 degrees F. 
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Table 6. Isaquant schedules, derived from the over-all stilbestrol quadratic: function, showing possible feed combinations" and marginal rates of substitution of corn for 
soilage at five gain levels, for 850-pound good-ta-choice feeder steers (temperature held constant at the over-all mean). 
Lbs. 
corn 
o 
100 
300 
500 
700 
900 
1,100 
1,300 
1,500 
1,700 
1,900 
2,100 
2,300 
2,500 
2,700 
2.900 
Lb •. 
soilage 
5,182 
4.456 
3,147 
1,984 
933 
100 lbs. gain 
of" 
Rationb OC 
d 7.55 
44.56 6.99 
10.49 6.14 
3.97 5.51 
1.33' 5.(H 
200 1hs. gain 300 lb •. gain 
Lbs. of Lb •. 
soilage Ration OC soilage Ration 
11,127 37.09 17.29 
8,490 16.98 10.62 
6,632 9.47 8.24 
5,126 5.70 6.92 
3,836 3.49 6.04 
2,696 2.07 5.39 
13,732" 12.48 
9,954" 7.66 
7,882 5.25 
6,291 3.70 
4,962 2.61 
3,806 1.81' 
of 
ac 
38.81 
12.40 
8.87 
7.19 
6.16 
5.44 
350 lb.. gain 
Lbs. 
.oilage Ration 
11,201· 6.59 
8,822" 4.64 
7,118 3.39 
5,733 2.49 
4,545 1.82' 
of 
OC 
15.30 
9.69 
7.58 
6.37 
5.56 
400 lb.. gain 
Lb •. 
soilage Ration 
13,431" 6.40 
10,103" 4.39 
8,176" 3.27 
6,687" 2.48 
5,441 1.88t 
of 
ac 
29.83 
11.46 
8.29 
6.74 
5.78 
• For each of the feed combinations, there would also be fed a certain amount of the supplen1<'nt sho\rn-iIl-t.ible 3-:---This ,upplement would 00- fed at the -rate of 0.2 pound per day. The 
('stimated number of feeding days for each of the feed combinations in this table are shown in table 30. 
b Ration is the ratio of soilage to corn. 
,. The marginal rate of substitution of com for soilage. 
d The all-soilage ration . 
• The estimated feeding period exceed. the 136-day average feeding period in the experiment. 
f All feed combinations at this point exceed the 2: 1 ration and, hence, are outside the limits of this experiment. 
Table 7. Isoquant schedules, derived from the over-all nonstilbestrol quadratic function, showing possible feed combinations" and marginal rates of substitution of corn 
for soilage at four gain levels, for 850-pound good-to-choice feeder steers (temperature held constant at the over-all mean). 
Lbs. 
corn 
o 
100 
300 
500 
700 
900 
Lhs. 
soilage 
5,526 
4,677 
3,056 
1,524 
100 Ibs. gain 
of-
Ration b ac 
d 8.64 
46.77 8.35 
10.19 7.87 
3.05 7.47 
200 lb •• gain 300 Ibs. gain 
Lb •. of Lbs. of 
soilage Ration OC soilage Ration OC 
17,773" 142.53 
15,441" 154.41 28.88 
11,623 38.74 14.62 
9,051 18.10 11.54 
6,912 9.87 9.99 
5,020 5.58 8.99 
3,296 3.00 8.28 
1,696 1.30' 7.74 
1,100 
1,300 
1,400 
1,500 
1,700 
1,900 
2,100 
2,200 
2,300 
2,400 
2,500 
2.600 
11,488" 7.66 29.75 
7.847 4.62 13.54 
5,474 2.88 10.61 
3,510 1.67' 9.16 
• For each of the feed combinations, there would also be fed a certain amount of the suppl~ment shown in table 3. 
The estimated number of feeding days for each of the feed combinations in this table are shown in table 31. 
b Ration is the ratio of soilage to com. 
, TI,e marginal ratl" of substitution of com for soilage. 
d The all-soilalle ration . 
• Thl" estimated feeding period exceeds the 138-day average feeding period in the experiment. See table 31. 
'All feed combinations at this point exceed the 2: 1 ration and, hence, are outside the limits of the experiment. 
350 lb •. gain 
Lbs. 
soilage Ration 
8,266" 3.44 
6,492 2.60 
5.161 1.98' 
This supplement would 
of 
OC 
22.53 
14.80 
12.14 
be fed at the rate of 0.2 of a pound per day. 
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Fig. 1. Gain isoquants and selected ration lines for the over-
all stilbestrol function (temperature held constant at the over-
all mean!. 
200 pounds of gain, and the marginal rate of sub-
stitution of corn for soilage is 17.29. That is, 1 addi-
tional pound of corn replaced 17.29 pounds of soilage. 
Alternatively, 3,836 pounds of soilage and 1,100 
pounds of corn can be fed to produce 200 pounds of 
gain, and the estimated rate of substitution of corn 
for soilage is now only 6.04. 
Tables 6 and 7 do not show the marginal rate of 
substitution of corn for soilage clearly along anyone 
ration line for different levels of gain. The rate of 
substitution along a ration line is of interest since it 
indicates the relative productivity of the ration as 
cattle take on heavier weights. Tne prediction equa-
tions for estimating the quantities of corn and soilage 
in this fixed ratio that are required to produce various 
levels of gain may be derived from the over-all pro-
duction function and from ration equation 14. 
(14) F 
C=a. 
The ration equation defines a as the ratio of soilage 
to corn. If equation 14 is rewritten as 
(15) F = aC, 
then, by substituting aC into the production function 
for F, it is possible to derive for various soilage-corn 
rations the quantities of corn that are required to pro-
duce various levels of gain. Once the corn require-
ments have been determined for any given ration, the 
soilage requirements are readilv determined from 
equation 15. However, for the all-soilage ration, the 
isoquant equation can be used directly to determine 
the quantities of soilage required for various levels of 
gain. 
The derived equations for predicting the quantities 
.. 
o 
.. Q 
Z 
:::> 
o 
Do 
20,000 
"-ALL~SOILAGE RATION 
20: I 
f!ATlON 
POUNDS OF CORN 
Fig. 2. Gain isoquants and selected ration lines for the over-
all nonstilbestral function (temperature held constant at the 
over-all mean>. 
of corn that are required to prodll('e various levels of 
gain for various stilbestrol and nonstilbestrol soilage-
corn rations are: 
I. With stilbestrol 
( 16) C = - (0.11637150 + 0.02316051a) 
(-0.000001491 a 2 + 0.0000000748 a 
-0.000009991)·1 + (-0.000001491 a 2 
+ 0.0000000748 a - 0.00000991)·1 
[(0.11637150 + 0.02316051 a)2 
- (- 0.000002982 a 2 + 0.0000001496 a 
- 0.000019982) (- 1.2236046H-G)]'12 
II. Without stilbestrol 
(17) C = - (0.14971812 + 0.02128774 a) 
( -0.000001155 a 2 - 0.0000075814 a 
-0.0000245224)-1 ± (-0.000001155 a2 
-0.0000075814 a - 0.0000245224)-1 
[(0.14971812 + 0.02128774 a)2 
- (0.00000231 a 2 - 0.0000151628 a 
-0.0000490448) (-2.2005042H - G)] '12 
The marginal rates of substitution are estimated for 
the stilbestrol rations by using equation 12, and equa-
tion 13 is used for the nonstilbestrol rations. 
The predicted quantities of com and soilage for 
selected rations at various levels of gain (i.e., 100, 200, 
300, 350 and 400 pounds) and the associated marginal 
rates of substitution of corn for soilage are presented 
in table 8 for the stilbestrol rations and in table 9 for 
the nonstilbestrol rations. The ration lines correspond-
ing to the data in tables 8 and 9 have been plotted in 
figs. 3 and 4. 
The data in tables 8 and 9 indicate that, as a feeder 
steer takes on more weight and is fed any given ration, 
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Table 8. Corn and soilage quantities'" and the marginal rates of substitution along the 100, 200, 300, 350 and 400 pound beef-gain isoquants for selected stilbestrol 
rations (temperature is held constant at the over-all mean). 
Ration (ratio of 100 Ibs. gain 
soilage Lbs.b Lbs." elF" Lbs. 
to corn) soilage com elC soilage 
200 Ibs. gain 
Lb •• 
com 
elF 
ac 
All.oilage 5,182 0 7.55 
20:1 3,834 192 6.57 9,028 451 11.55 
15:1 3,545 236 6.38 8,087 539 10.01 
Lbs. 
soilage 
300 Ibs. gain 
Lb •• 
com 
elF 
elC 
350 lb •. gain 
Lbs. Lb •• 
soilage corn 
elF 
elC 
Lb •• 
soilage 
400 lb.. gain 
Lb •• 
corn 
elF 
ac 
10:1 3,091 309 6.11 6,799 680 8.42 11,7770 1,178 18.61 
8:1 2,825 353 5.96 6,117 765 7.74 10,2280 1,278 13.07 12,891 0 1,611 25.19 
5:1 2,256 451 5.65 4,766 953 6.65 7,639 1,528 8.57 9,275 1,855 10.44 11,105< 2,221 14.15 
3:1 1,672 557 5.36 3,480 1,160 5.82 5,463 1,821 6.52 6,539 2,180 7.03 7,6850 2,562 7.72 
2:1 1,268 634 5.17 2,626 1,313 5.36 4,095 2,048 5.61 4.881 2,441 5.77 5,709 2,854 5.97 
• For each of the ftied combinations, there would also be fed a certain amount of the .upplement shown in tabl" 3. This supplement would be fed at the rate of 0.2 of a pound per day. The 
estimated number of feeding days for each of the feed combinations in this table are shown later. 
b The all-soilage value was derived from equation 10, all other values were derived using equation 15. 
• Derived from equation 16. 
d The marginal rate of substitution of com for soilage. 
o The estimated feeding period exceeds the 136-day average feeding period in the experiment. 
Table 9. Corn and soilage quantities· and marginal rates of substitution along the 100, 200, 300 and 350 pound beef-gain isoquants far selected nonstilbestrol rations 
(temperature is held constant at the over-all mean). 
Ration (ratio of 100 Ibs. gain 
soilage Lb •. b Lbs." elFd 
to com) soilage com iiC 
Lbs. 
soilage 
200 lbs. gain 
Lb •. 
corn 
elF 
ac 
All soilage 5,526 0 8.64 
20:1 3,896 195 8.11 9,401 470 11.86 
Lbs. 
soilage 
300 Ibs. gain 
Lb •. 
com 
elF 
ac 
15:1 3,556 237 8.01 8,386 559 10.99 
10:1 3,031 303 7.86 6,956 696 10.01 12,445" 1,474 50.06 
8:1 2,732 Ml 7.78 6,190 774 9.57 11,898" 1,487 35.72 
5:1 2,111 422 7.62 4,687 937 8.84 8,328 1,666 14.43 
3:1 1,507 502 7.46 3,299 1,100 8.28 5,650 1,883 10.77 
2:1 1,111 556 7.36 2,417 1,208 7.97 4,078 2,039 9.52 
a For each of the feed combinations, there would also be fed a certain amount of the supplement shown in table 3. 
estimated number of feeding days for each of the feed combinations in this table are shown later. 
b The all-soilage value was derived from equation 11; all other values were derived from equation 15. 
• Derived from equation 17. 
d The marginal rate of substitution of com for soilage. 
• The estimated feeding period exceeds the 138-day average feeding period in the "xperiment. 
350 Ibs. gain 
Lb.. Lb.. elF 
soilage corn ac 
9,646" 2,354 45.25 
7,Ml° 2,447 17.52 
.5,195 2,597 12.19 
This supplement would be fed at the rate of 0.2 of a pound per day. The 
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Fig. 3: Feed-gain transformation curves for selected rations 
derived from the over-all stilbestrol production function (temp-
erature held constant at the over-all mean!. 
the rate of substitution of corn for soilage increases. 
For example, in table 8, with the 15:1 ration, a feeder 
steer fed 3,545 pounds of soilage and 236 pounds of 
corn is predicted to gain 100 pounds, and the marginal 
rate of substitution of corn for soilage will be 6.38. 
If the steer is fed the same ration until he consumes 
8,087 pounds of soilage and 539 pounds of corn, it is 
estimated that he will have gained 200 pounds, and 
the predicted marginal rate of substitution of corn 
for soilage will be 10.01. The increase in the rate of 
substitution of corn for soilage, along anyone ration 
line, indicates that corn becomes more important in 
the fattening ration relative to soilage as the feeder 
steer increases in weight. 
Ration Lines 
The production surface may be further examined by 
investigating the input-output relationships when the 
two feeds-corn and soilage-are fed in fixed propor-
tions. Since, for any given ration line, the two feeds 
are held in fixed proportions, it is possible to derive 
feed-gain transformation equations from the produc-
tion functions. The feed-gain transformation equa-
tions are derived by defining a new variable, 'Y, as 
the total pounds of feed of a given ration. Then, for 
each fixed ration, each feed input variable is redefined 
in terms of'Y and substituted into the production func-
tion equation to give the feed-gain transformation 
equation or a total-gain equation for that particular 
fixed ration. Thus, the total-gain equation for each 
ration predicts the total amount of gain from various 
quantities of feed of a fixed ration. The marginal, or 
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Fig. 4. Feed-gain transformation curves for selected rations 
derived from the over-all nonstilbestrol production function 
(temperature held constant at the over-all mean!. 
additional, gain equations may be derived from the 
total-gain equations by taking the first derivative of 
gain (G) with respect to total feed ('Y).l7 The marg-
inal-gain equation is used to estimate the additional 
gain from the last pound of feed fed of a given ration. 
Total- and marginal-gain equations, for eight select-
ed rations, are derived from over-all stilbesh'ol produc-
tion function 8 and are shown in table 10. Similar 
equations derived from over-all nonstilbestrol produc-
tion function 9 are shown in table 11. 
The predicted total-gain values for various levels of 
feed input for the eight selected rations, are shown in 
table 12 and plotted in fig. 3 for beef steers fed stil-
bestrol. The estimated marginal gain values corre-
sponding to the total-gain values are presented in table 
13. Similarly, the predicted total-gain values for steers 
that were not fed stilbestrol are shown in table 14 and 
plotted in fig. 4, and the associated marginal gains are 
shown in table 15. The predicted values in both tables 
12 and 13 show that, from the same total pounds of 
feed, total gain and marginal gain monotonically in-
crease as the proportion of corn in the ration increases. 
In table 12, 7,000 pounds of feed of an all-soilage 
ration is predicted to produce 125.6 pounds of gain; 
whereas, if the ration is 20:1, the 7,000 pounds of feed 
will produce 159.6 pounds of beef gains. Other 
columns in table 12 are interpreted in the same man-
ner. Table 13 shows that with 7,000 pounds of all soil-
age ration, the marginal gain is 0.0127; with 7,000 
pounds of the 20:1 ration, the marginal gain is 0.0180. 
11 For the method used, See: Earl O. Heady and John L. Dillon. 
Agricultllml production functions. Iowa State University Press, Ames, 
Iowa. 1961. 
893 
Table 10. Total and marginal gain equations, derived from the over-all stilbestrol quadratic function, for selected rations for 
8S0-pound good-to-chaice feeder steers.-
Prediction equations for: 
Ration b Total gain Marginal gain 
Ration A GA - 0.023160514 'YA - 0.000000745 'Y"A oG 
All soilage - 1.223605 H o'Y: = 0.023160514 - 0.000001508 'YA 
Ration B GD = 0.02759913 'YD - 0.000000686 'Y"D oGB 
20:1 1.223605 H "'YD = 0.02759913 - 0.000001372 'YD 
Ration C Go = 0.02898620 'YO - 0.000000672 'Y'o ~Go = 0.02898620 
15:1 1.223605 H v'YO - 0.000001344 yo 
Ration D GD = 0.0316342899 'YD - 0.000000554 'Y'D aGD 
10:1 - 1.223605 H a'YD = 0.0316342399 - 0.000001308 'YD 
Ration E GE = 0.0335172901 'YE - 0.000000647 'Y"E aG" 
8:1 - 1.223605 H a~= 0.0885172901 - 0.000001294 'YE 
Ration F GF = 0.0386956787 'YF - 0.000000651 'Y'F aGF 
5:1 - 1.223605 H a'YF = 0.0386956787 - 0.000001802 'YF 
Ration G Go = 0.0484632605 ')'G - 0.000000724 'Y"o aGo 
3:1 - 1.223605 H a'Yo = 0.0464682605 - 0.000001448 'YO 
Ration H Gu = 0.0542308423 'YII - 0.000000878 'Y'II aGIl 
2:1 - 1.223605 H a'YII = 0.0542308428 - 0.000001756 'YB 
a In each equation, 'Y denotes total pounds of feed of the particular ration indicated by the small capital letter following 'Y. 
b Ration is the ratio of soilage to com. 
Table 11. Total and marginal gain equations, derived from the over-aU nonstilbestral quadratic function, for selected rations 
for 8S0-pound good-to-choice feeder steers.o 
Prediction equations for: 
Rationb Total gain Marginal gain 
Ration A 
All soilage 
Ration B 
GA - 0.021287744 'YA - 0.000000578 'Y'A 
- 2.2005042 H 
aGA 
a'YA = 0.021287744 - 0.00000H56 'YA 
20:1 
Gn = 0.02740.'34765 'Yll - 0.000000724 'Y'B 
- 2.2005042 H aGB = 0.0274034765 - 0.000001448 'YB a'YB 
Ration C 
15:1 
Go = 0.0293146425 'YO - 0.000000777 'Y"c 
- 2.2005042 H aGe = 0.0293146425 - 0.000001556 'YO a'Yo 
Ration D 
10:1 
GD = 0.0829632826 'YD - 0.000000892 'Y'D 
- 2.2005042 H aGD = 0.0329632326 - 0.000001784 'YD a,),D 
Ration E 
8:1 
GE = 0.0355577856 'YE - 0.000000982 'Y"!) 
- 2.2005042 H ~G" = 0.0355577856 - 0.000001964 'Y" 
"'YE 
Ration F GF = 0.0426928071 'YF - 0.000001268 'Y'F aGF = 0.0426928071 _ 0.000002586 'YF 
5:1 - 2.2005042 H a'YF 
Ration G Go = 0.0533953380 'YO - 0.000001802 'Y"o aGo = 0.0533953380 _ 0.000003604 'YG 
3:1 - 2.2005042 H a'YG 
Ration H Gil = 0.0640978689 'YII - 0.000002461 'Y"II ~= 0.0640978689 _ 0.000004922 'YB 
2: 1 - 2.2005042 H O'YII 
b In each equation, 'Y denotes total pounds of feed of the particular ration indicated by the small cavital letter following 1'. 
b Ration is the ratio of soilage to com. 
Table 12. Estimated totol gain fram various total feed quantities' ('Y) selected stilbestrol rations fed to 8S0-paund gaod-to-
choice feeder steers. & 
Pounds Total gaine in pounds for selected ratioDs: d 
of feed All 
fed soilage 20:1 15:1 10:1 8:1 5:1 3:1 2:1 
500 11.4 13.6 14.3 15.7 16.6 19.2 23.1 26.9 
1,000 22.4 26.9 28.3 31.0 32.9 38.0 45.7 53.4(0) 
2,000 __ 'ic43~':;;.3 ___ ----:5~2~.5;-___ ....,53:5",.3<-___ ~6:;;.0.:;;7 ____ 6;;-4~.4.;-___ .-;7"'4;:;.8;-----' 90.0 104.9 
3,000 62.8 76.6 80.9 89.0 94.7 110.2 _....:;1;;:;3~2.~9:__--"if.154.8(r) 
4,000 80.7 99.4 105.2 116.1 123.7 144.4 174.8 202.9 
5,000 97.2 120.9 128.1 141.8 151.4 177.2 214.2 249.2(K) 
6,000 H2.1 140.9 149.7 166.3 ,_""""""'1~7"'7~.8;---~2~0~8.';';7---'·1 252.7 298.8 
7,000 125.6 159.6 170.0 189.4 202.9 239.0 289.7 336.6(b) 
8,000 137.6 176.9 188.8 211.2 226.7 ;--......;2"'6~7="'.9:_--.....;;3"'2"'S.'"i:8;__-1 377.7 ( I) 
9,000 148.1 192.8 ;--_""20~6;=..4~-----:2~3;;;1;:;.7~--~2~49.3 I 295.5 359.5 I 417.0 
10,000 _.....;;1;.;:5c77.~1,.__----;:2.;:,07"'.4_=_----' 222.6 250.9 270-.5-- 321.8 392.2 454.5 
11,000 164.6 220.6 287.5 268.8 1--290~"'.4;-------::;3~46"".9;,------' 428.4 
12,000 170.6 282.4 251.0 285.4 309.0 870.6 
13,000 175.1 242.9 263.2 300.7 
14,000 178.1 
15,000 179.7 
• In addition to the feed fed of selected rations there would also be fed a certain amount of the supplement shown in table 3. This supplement 
would be fed at the rate of 0.2 of a ponnd per day. The estimated number of feeding days for each of the feed quantities Is shown in table 30. 
b Temperature is held constant at the over-all mean • 
• All valnes are derived from the equations in table 10. 
d The ratioll is the ratio of soilage to com, and the letters in parentheses in the last column refer to the feeding periods as follows (see table 29): 
e=80 days, f=60 days, g=90 days, h=120 days and ;=140 days, for all quantities above the horizontal line. 
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Table 13. Estimated marginal gain from various total feed quantities (-yl of selected soilage-corn ration fed to SSO-pound good-
to-choice feeder steers {with stilbestroll. 
Mnrginal gain" in pounds for selected rations,-
Pounds 
of feed 
fed 
500 
1,000 
2,000 
3,000 
4,000 
5,000 
6,000 
7,000 
8,000 
9,000 
10,000 
II,OOO 
12,000 
13,000 
14,000 
15,000 
All 
soilage 
0.0224 
0.0217 
0.0202 
0.0187 
0.0171 
0.0157 
0.0142 
0.0127 
0.0112 
0.0097 
0.0083 
0.0068 
0.0053 
0.0038 
0.0023 
0.0008 
20,1 15,1 
0.0269 0.0283 
0.0262 0.0276 
0.0249 0.0263 
0.0235 0.0250 
0.0221 0.0236 
0.0207 0.0223 
0.0194 0.0209 
0.0180 0.0196 
0.0166 0.0182 
0.0153 0.0169 
0.0139 0.0155 
0.0125 0.0142 
0.0111 0.0128 
0.0098 0.OIl5 
• All values have been derived from the equations in table 10. 
h The ration is the ratio· of soilage to com. 
10,1 8,1 5,1 
0.0310 0.0329 0.0380 
0.0303 0.0322 0.0374 
0.0290 0.0309 0.0361 
0.0277 0.0296 0.0348 
0.0264 0.0283 0.0335 
0.0251 0.0270 0.0322 
0.0238 0.0258 0.0309 
0.0225 0.0245 0.0296 
0.0212 0.0232 0.0283 
0.0199 0.0219 0.0270 
0.0185 0.0206 0.0257 
0.0172 0.0193 0.0244 
0.0159 0.0180 0.0230 
0.0146 
3,1 2,1 
0.0457 0.0534 
0.0450 0.0525 
0.0436 0.0507 
0.0421 0.0490 
0.0407 0.0472 
0.0392 0.0455 
0.0378 0.0437 
0.0363 0.0419 
0.0349 0.0402 
0.0334 0.0384 
0.0320 0.0367 
0.0305 
Table 14. Estimated total gain from various total feed quantities' (-yl of selected soilage-corn rations fed to SSO-pound good-
to-choice feeder steers (without stilbestral).· 
Pounds 
of feed 
fed 
500 
1,000 
2,000 
3,000 
4,000 
5,000 
6,000 
7,000 
8,000 
9,000 
10,000 
11,000 
12,000 
13.000 
14,000 
15,000 
16,000 
17,000 
All 
soilage 
10.5 
20.7 
40.3 
58.7 
75.9 
92.0 
106.9 
120.7 
133.3 
144.8 
155.1 
164.3 
172.3 
179.1 
184.8 
189.4 
192.8 
195.0 
20,1 
13.5 
26.7 
51.9 
75.7 
98.0 
118.9 
138.4 
156.4 
172.9 
188.0 
201.7 
213.9 
224.6 
234.0 
241.8 
248.2 
Total gain- in pounds 
15,1 10,1 
14.5 16.3 
28.5 32.1 
55.5 62.4 
80.9 90.9 
104.8 117.6 
127.1 142.5 
147.9 165.7 
167.1 187.0 
184.7 206.6 
200.8 224.4 
215.4 240.4 
228.4 254.7 
239.8 267.1 
249.7 277.8 
258.0 286.7 
264.8 
for selected rations, 4 
8,1 5,1 3,1 2:1 
17.5 21.0 26.2 31.4 
34.6 41.4 51.6 61.6(0) 
67.2 80.3 99.6 II8.4 
97.8 116.7 144.0 170.1(') 
126.5 150.5 184.8 217.0 
153.2 181.8 221.9 259.0(K) 
178.0 210.5 255.5 296.0 
200.8 236.7 285.5 328.1(h) 
221.6 260.4 311.8 355.3(1 ) 
240.5 281.5 334.6 377.5 
257.4 300.1 353.8 394.8 
272.3 316.2 369.3 
285.3 329.7 
296.3 
305.3 
• In addition to the feed fed. there would also be fed a certain amount of the supplement shown in table 3. This supplement would be fed at the' 
rate of 0.2 of a pound per day. The estimated number of feeding days for each of the feed quantities is shown in table 31. 
b Temperature is held constant at the over-all mean. 
e All values are derived from the equations in table 11. 
d The ration is the ratio of soilage to com. The letters in parentheses above (,Rch horizonlal line refer to the feeding periods: e=:30 days, f=60 days, 
g=90 days, h=120 days and i=over 120 days and up to 140 days for quantities below the line, traced out by the horizontal lines. 
Table 15. Estimated marginal gain from various totol feed quantities (-y) of selected soilage-corn ration fed to SSO-pound good-
to-choice feeder steers (without stilbestrol). 
Marginal gain' in pounds for selected rations: b 
Pound. 
of feed All 
fed soilage 
500 0.0207 
1,000 0.0201 
2,000 0.0190 
3,000 0.0178 
4,000 0.0167 
5,000 0.0155 
6,000 0.0144 
7,000 0.0132 
8,000 0.0120 
9,000 0.0109 
10,000 0.0097 
11,000 0.00'16 
12,000 0.0074 
13,000 0.0063 
14,000 0.0051 
15,000 0 0040 
16,000 0.0028 
17.000 0.0017 
20:1 
0.0267 
0.0260 
0.0245 
0.0231 
0.0216 
0.0202 
0.0187 
0.0173 
0.0158 
0.0144 
0.0129 
0.0115 
0.0100 
0.0086 
0.0071 
0.0057 
15:1 
0.0~88 
0.0278 
0.0262 
0.0246 
00231 
0.0215 
00'200 
0.0184 
0.0169 
0.0153 
0.0138 
0.0122 
0.0107 
0.0091 
0.0075 
0.0060 
• All values have been derived from the equations in table 11. 
h The ration is the ratio of soilage to com. 
10:1 
001121 
0.0312 
0.0294 
0.0276 
0.0258 
0.0240 
0.0223 
0.0205 
00187 
0.0169 
0.0151 
0.0133 
0.0116 
0.0097 
0.0080 
8:1 
0.0346 
0.0336 
0.0316 
0.09.97 
0.0277 
0.0257 
0.0238 
0.0218 
0.0198 
0.0179 
0.0159 
0.0140 
0.0120 
0.0100 
0.0081 
5:1 
0.0414 
0.0402 
0.0376 
0.0351 
0.0325 
0.0300 
0.0275 
0.0249 
0.0224 
0.0199 
0.0173 
0.0148 
0.0122 
3:1 
0.0516 
0.0498 
0.0462 
0.0426 
0.0390 
0.0354 
0.0318 
0.0282 
0.0246 
0.0210 
0.0174 
0.0138 
2:1 
0.0616 
0.0592 
0.0543 
0.0493 
0.0444 
0.0395 
0.0346 
0.0296 
0.0247 
0.0198 
0.0149 
895 
The marginal gain indicates the amount of gain 
added to total gain from the last pound of feed fed. 
For any given ration, the marginal gains, as shown 
in tables 13 and 15, are monotonically decreasing, in-
dicating diminishing returns to feed. For the 10: 1 
ration, in table 13, the 2,000th pound of feed adds 
0.0290 pound of gain to total gain while the 10,000th 
pound of feed adds only 0.0185 pound of. gain. For 
anyone level of feed fed, the marginal productivity 
of feed increases as the proportion of corn in the ration 
increases. 
Least-Cost Rations 
The least-cost ration or combination of corn and 
soilage for producing a given level of gain is specified 
whenever the marginal rate of substitution between 
the feeds is equal to their inverse price ratio. That is, 
the least-cost ration for a given level of gain is deter-
mined when 
(18) of _ Pc where ~CF is the marginal rate 
oC- Px,' ' v 
of substitution of com for soilage, Po is the price of 
com and PF is the price of soilage. 
The beef steers in this experiment were fed a fixed 
ration throughout the course of the experiment. There-
fore, the production function, which expresses total 
gains as a function of the corn and soilage consumed, 
is determined for rations in which a fixed proportion 
of corn and soilage has been fed for the entire feed-
ing period. However, the isoquants derived from the 
production function show all the possible combina-
tions of corn and soilage that will produce a given 
level of gain under a fixed-ration feeding system. 
Hence, ration effects and their costs can be predicted 
for feed ratios other than those represented in the 
treatments.18 Corn prices ranging from 75 cents per 
bushel through $1.75 per bushel and soilage prices 
ranging from $1 per ton through $8 per ton were nsed 
in estimating least-cost rations in terms of beef gains. 
Predicted least-cost rations for various gain levels 
are presented in table 16 for the stilbestrol rations. 
(Least-cost rations without stilbestrol are shown only 
in graphs.) The least-cost ration, when stilbestrol is 
fed in the ration, can be determined in the following 
manner: If the price of com is $1.12 per bushel and 
the price of soilage is $4 per ton, the corn-soilage price 
ratio is lO.O. For this corn-soilage price ratio, 100 
pounds of gain can be produced at least cost by feed-
ing 5,182 pounds of the all-soilage ration. The time 
required for the beef steer to gain 100 pounds is esti-
mated to be 59.5 days.lO Using the same price ratio, 
200 pounds of gain can be produced by feeding 539 
pounds of corn and 8,084 pounds of soilage, which is 
a soilage-corn ration of 15: 1. The estimated time re-
,. The isocline equations for the rations with and without stilhestrol 
are (where K is the com-soilage price ratio): 
I. With stilbestrol 
F= 0.02316051K - 0.11637150 + (0.0000000374K+ 0.000009991O)C 
0.0000000374 + 0.000001491K 
II. Without stilbestrol 
F- 0.02128774K - 0.14971812 +< -0.0000037907K + 0.0000245224 )C 
- -0.0000037907 + 0.000001155K 
1. The time equation, equation 28, presented in n latcr section pro-
Vides the hasis for the time estimates. 
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Fig. 5. Gain isoquants and isoclines showing the path of least-
cost rations for the stilbestrol rations (temperature held constant 
at the over-all meon). 
quired for the beef steer to attain this gain is 105.7 
days. With a corn price of $1.12 and soilage at $8 per 
ton, the corn-soilage price ratio is 5.0. The predicted 
least-cost ration for this feed-price ratio (table 16) is 
less than the 2: 1 ration for all levels of gain. Since high 
corn-concentrate rations outside the limits of the ex-
periment may be physiologically unfeasible, the high-
est com ration fed in the experiment has been sub-
stituted for the estimated ration (i.e., the 2:1 ration 
has been used as the least-cost ration in all such 
cases). 
The isocline, a line connecting all points on succes-
sive isoquants with equal substitution ratios, specifies 
(at the intersection point with each isoquant) the 
combination of corn and soilage that will produce the 
gain level at least cost. Isoclines showing the path of 
least-cost stilbestrol rations are plotted in fig. 5 for a 
few of the corn-soilage price ratios presented in table 
16. The least-cost stilbestrol rations for 200, 300 and 
400 pounds of gain with a corn-soilage price ratio of 
10.0 are shown in fig. 5. The least-cost ration is the 
15: 1 soilage-com ration for 200 pounds of gain and 
the 6.1:1 soilage-corn ration for 300 pounds of gain. 
Isoclines showing the path of least cost for some 
rations without stilbestrol are plotted in fig. 6. 
The corn-soilage price ratio map in fig. 7 provides 
a simplified method of estimating the least-cost ration 
for various com and soilage prices. The price ratio 
map is so designed that it indicates an optimum least-
cost ration for a range of com-soilage price ratios, 
rather than "the" optimum least-cost ration for all 
possible corn-soilage price ratios. The diagonal lines 
on the price ratio map, in fig. 7, may be called iso-
price ratio lines since they depict the various com-
binations of corn and soilage prices that have the same 
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corn-soilage price ratio. They divide the corn-soilage 
price map into price ratio areas which are indicated as 
A, B, . . " H. All price ratios that lie within anyone 
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of these areas specify the same least-cost ration. Given 
the price of corn and soilage, the level of depicted 
gain and the inclusion of stilbestrol, the least-cost 
ration is specified in the following manner: Assume 
that the price of corn is $1.20 per bushel and the price 
of soilage is $6 per ton. The coordinates of these two 
prices lie in price ratio area "D." The least-cost ration 
for 300 pounds of gain when stilbestrol is fed is found 
in table 17. The least-cost ration will be a soilage-corn 
ration of 3.8:1, which requires 563 pounds of corn 
and 2,125 pounds of soilage per 100 pounds of gain. 
This ration requires a feeding period of 117 days20 
with an average daily gain of 2.57 pounds. The least-
cost ration for 100 pounds of gain when stilbestrol is 
fed in the ration, assuming the same feed price ratio, 
is found to be a soilage-corn ration of 100.7:1, includ-
ing 48 pounds of corn and 4,827 pounds of soilage. 
2. The time equation, equation 28, presented in a later section pro-
vide. the basis for the time estimate. 
Table 17. Least-cast rations for 8S0-pound good-to-choice 
feeder steers in terms of feed per 100 pounds of 
gain (with stilbestrol).6 
Lbs. Price 
of ratio Lb •. 
gain area com b 
Average Number 
Lb •. daily of 
soilage" Ratione gaind days-
(1,268) (2.0)' (3.28) (30.5) 
1,612 2.8 3.02 33.1 
3,162 10.6 2.24 44.7 
4,827 100.7 1.76 56.9 
5,182 All soilage 1.68 59.5 
5,182 All soilage 1.68 59.5 
5,182 All soilage 1.68 59.5 
5,182 All soilage 1.68 59.5 
100 A (634) 
B 569 
C 298 
D 48 
E 
F 
G 
H 
(1,313) (2.0!' ~3.18) ~62.8) (1,313) (2.0 • 3.18) 62.8) 2,010 3.8 2.70 74.0 
2,786 6.7 2.32 86.1 
3,612 n.5 2.02 98.9 
4,482 19.6 1.78 112.6 
5,391 33.7 1.57 127.4 
6,330 55.8 1.40 143.3. 
200 A (656) 
B (656) 
C 536 
D 418 
E 316 
F 228 
G 160 
H 114 
!1,365) (2.0)' (3.081 (97.5) 1,365) (2.0)' (3.08 (97.5) 
1,648 2.6 2.86 104.8 
2,125 3.8 2.57 116.7 
2,633 5.3 2.32 129.4 
3,168 7.1 2.10 142.8g 
3,726 9.2 1.91 157.2g 
h 
300 A (683) 
B (683) 
C 634 
D 563 
E 499 
F 446 
G 404 
H 
(1,395) (2.0)' (3.02) (115.9) 
( 1,395) (2.0)' (3.02) (ll5.9) 
1,554 2.3 2.90 120.8 
1,944 3.2 2.64 132.7 
2,359 4.2 2.41 145.3" 
2,797 5.4 2.21 158.5g 
h 
350 A (697) 
B (697) 
C 671 
D 612 
E 560 
F 517 
G 
(1,427) (2.0)' (2.96) (135.2) 
(l,427) (2.0)' (2.96) (135.2) 
1,489 2.1 2.91 137.40' 
1,813 2.8 2.68 149.2g 
h 
400 A (714) 
B (714) 
C 704 
D 655 
E 
F h 
G h 
H h 
• Temperature is held constant at the over-an mean. 
b In addition to the com and soilage, there would also be fed a 
cerlain amount of supplement .hown in table 3 at the rate of 0.2 of a 
pound per day. 
e Ration is the ratio of soilage to corn. 
d Average daily gain is determined by dividing total gain by number 
of days. 
e The time equation, equation 28, presented in a later section, provides 
the hasis for these estimates. 
(The highest concentrate ration that was fed during the experiment 
has been substituted whenever the predicted feed requirements resulted 
in a soilage-com ratio of less than 2: 1. 
g The estimated feeding period exceeds tho 136-day feeding period 
in the experiment. 
h Requires a feeding period in excess of 160 days. 
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The feeding period will be 57 days with an average 
daily gain of 1.76 pounds.21 
Estimation of the Time Function 
The proportion of corn in the soilage-corn rations 
affects the rate of gain as well as the cost of gain. The 
ration that produces the fastest gains need not coin-
cide with the least-cost ration. To estimate the effects 
of different feed rations on the rate of gain, a function 
expressing the quantity of soilage consumed as a 
function of the quantity of corn fed and time was com-
puted from the basic experimental data. The function, 
F=f (C, T), where F denotes pounds of soilage, C 
denotes pounds of corn and T denotes time in days, 
can be used directly to derive isotime curves. The 
total time required to consume given quantities of corn 
and soilage may be obtained by solving the function, 
F=f (C, T), for time. The function then expresses time 
as a function of corn and soilage; i.e., T=t(C, F). 
The function was used to predict soilage consumption: 
(19) Ft = alCt + a2Tt + a3C2t + a4T2t 
+ a5CTt +Ut 
where F refers to pounds of soilage consumed, C re-
fers to pounds of corn consumed, T refers to time in 
days, the at's (i=1, ... , 5) are constants to be esti-
mated, u is a random variable and t is an index of 
time. The function is estimated without a constant 
term under the assumption that zero corn and time 
inputs give zero consumption. A further assumption 
was made; namely, that the random variable Ut was 
generated by the autoregressive scheme: 
( 20) Ut = {3Ut.1 + a(JHt + et 
where {3 is the autocorrelation coefficient, H is a temp-
erature variable, a is a constant to be estimated and et 
is a random variable with the properties given by 
equations 2. 
The temperature variable has been included in 
equation 20 under the assumption that the tempera-
ture during anyone observation interval may in-
crease or decrease the quantity of forage consumed 
during that time. Equation 19 can be rewritten for 
Ut-l to give: 
(21) Ft-! = alCt -1 + a2Tt-1 + aaC2t_1 + a4T2t.1 
+ a5CTt-1 + Ut·l 
Equation 21 can now be solved for Ut-1 and substitut-
ed into equation 20 to give: 
(22) Ut = {3(Ft-1 - alCt-1 - a2Tt-1 - aaC2t.1 
- a4T2t_1 - a5CTt-l) + a6Ht + et 
By substituting equation 22 into equation 19 and col-
lecting terms, the following equation is obtained: 
(23) (Ft - 13Ft-I ) = al(Ct - {3Ct-l ) + a2(Tt 
- {3T t.l) + as ( C2 t - (3C2 t.l) + 
a4(T2 t - {3T2t-l ) + a5(CTt - {3CTt-d 
+ aaHt + et 
21 The time equation, equation .28, presented in a later sectio~ pro-
vides the basis for the time estImate. The feeds-corn and soJ!nge-
reported in table 17 are in pounds of f~ requ~d per .100 po~nds of 
gain. This method of stating fee4 reqw~ements IS consIstent WIth the 
general practice followed in the anunal SCIences. 
Thus, if the variables in equation 19 are replaced by 
the transformed variables in equation 23, then the 
errors, et, are not auto correlated, and the least-squares 
method of estimation will apply. 
The autocorrelation coefficient used in the soilage-
consumption transformation equation was the same 
as the one used in transforming data for the produc-
tion function for two reasons: first when the autocorre-
lation coefficient for the soilage-consumption function 
was estimated in the same manner as for the produc-
tion function, a biased estimate of (3 was obtained. The 
experimental data show that there was a tendency 
to feed the same quantities of corn and soilage to all 
lots that were fed the same ration. Some of the lots that 
were fed the same ration were actually fed the same 
quantities of corn and soilage for the entire feeding 
period. However, other lots that were fed the same ra-
tions may have been fed the same quantities of soilage 
and corn for a portion of the feeding period, or at least 
until it was evident that one of the two lots would 
actually eat more soilage and corn than the other lot. 
Only then would there be a definite difference in 
the quantities of feed fed to each lot, and the differ-
ences were always in the same direction. Thus, the 
autocorrelation coefficient tends to be biased upward 
because of the tendency to feed the same quantities 
of corn and soilage to all lots that were fed the same 
ration. Second, since the data had already been trans-
formed for the production function, it was decided to 
use these transformed data in estimating the soilage-
consumption functions. 
The over-all soilage-consumption functions estimat-
ed, using the transformed data in the quadratic func-
tions, are: 
I. The over-all stilbestrol function 
(24) F = - 1.992155C + 82.750048T 
+ O.OOO26539C2 + O.07410081T2 
- O.00856894CT + O.88080396H 
II. The over-all nonstilbestrol function 
(25) F = - 3.4605222C + 102.8699400T 
+ O.00009447C2 + O.04277036T2 
- O.00066794CT + 17.99069800H 
The coefficient of determination, standard errors 
and "t" values for the over-all stilbestrol and nonstil-
bestrol soilage-consumption functions are presented in 
tables 18 and 19. The coefficient of determination is 
quite high for both the stilbestrol and nonstilbestrol 
functions. This high coefficient of determination in-
dicates that a major portion of the variance in soilage 
consumption has been explained by the quadratic 
function. Most of the variables that were used in the 
regression are acceptable at a very high level of sig-
nificance. Even though certain variables are accept-
able only at lower probability levels, they have been 
retained in the regression since the basis for including 
the variables in the regression appeared to be con-
sistent with logic. 
The temperature coefficient for both the stilbestrol 
and nonstilbestrol soilage-consumption functions must 
be interpreted in light of the experimental feeding 
period which was started the second week in May 
Table 18. Coefficient of determination, standard errors and 
"t" volues for the over-all stilbestrol soilage-con-
sumption function (equation 24). 
Standard 
error of 
Independent regression oUt" Level of 
R" variable coefficient value significance 
0.9954 C 0.3041 6.552 p<O.OOI T 0.3046 27.161 p<O.OOl C· 0.0001 1.977 0.05< p <0.10 
T" 0.0221 3.343 0.001< p <0.005 CT 0.0034 2.556 0.01< p <0.025 
H 4.4157 0.199 p>0.50 
Table 19. Coefficient of determinotion, standard errors and 
"t" values for the over-all non stilbestrol soilage-
consumption function (equation 25). 
Standard 
error of 
Independent regression "t" Level of 
R' variable coefficient value significance 
0.9947 C 0.2867 12.070 p<O.OOl 
T 2.9635 34.712 p<O.OOl C· 0.0001 0.706 p>0.40 
T" 0.0210 2.036 0.05< p <0.025 CT 0.0033 0.204 p>0.50 
H 4.0030 4.494 p<O.OOl 
and continued to the latter part of September. When 
feeder cattle are first put on a new ration, some 
time is required for them to adjust to the new ration. 
After adjustment, they tend to consume larger quan-
tities of the given ration than of the old one. Further-
more, as cattle put on more weight they also eat more 
of the given ration. Therefore, the coefficient for the 
temperature variable is expected to have a positive 
sign, since temperature is positively correlated with 
the time conditions for consumption. While the time 
coefficient for the stilbestrol function is not significant 
at usual probability levels, it has been retained in the 
consumption function to be consistent with the non-
stilbestrol function. 
The soilage-consumption equations, or the isotime 
equations, (equations 24 and 25) express the quantity 
of soilage (F) that will be consumed as a function of 
corn (C) and time (T). If time is held constant, the 
soilage-consumption equations will specify all possible 
combinations of soilage and corn that will be con-
sumed within this given time period. Since the feeder 
steers have been on full feed, the isotime function 
will predict the "stomach capacity" of the feeder 
steers for any given feeding period. 
The slope of the isotime curve, or the "stomach 
capacity" curve, indicates the substitution rate be-
tween feeds when time is held constant. It indicates 
the amount by which one feed must be decreased to 
increase the consumption of the other feed by one unit 
if time is constant. The equations, derived from the 
soilage-consumption functions, for predicting the rate 
at which corn substitutes for soilage in consumption 
for any given feeding period are: . 
I. With stilbestrol 
(26) ~~ = -1.992155+0.14820162C-O.00856894T 
II. Without stilbestrol 
(27) ~~= -3.4605222+0.00018094C-O.00066794T 
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Table 20. Isotime schedules showing quantities of various feed combinations" that could possibly be fed the marginal rate of substitution of com for soilage in consumption 
for six different feeding intervals (with stilbestrol!. ~ 
30 days 60 days 90 days 120 days 130 days 140 days 
Lbs. Lbs. oFd Lbs. of Lbs. of Lb •. of Lbs. of ~--- of 
corn soilage Ration" ac soilage Ration OC soilage Ration OC soilage Ration OC soi1a~p Ration OC soilage Ration OC 
0 2,549 2.25 5,232 2.51 8,048 2.76 10,997 3,02 12,010 .. 3.11 13,037 3.19 
100 2,327 23:3 2.20 4,984 49:8 2.45 7,774 77.7 2.71 10,697 10.70 2.97 11,701 117.0 3.05 12,721 127.2 3.14 
300 1,898 6.3 2.09 4,504 15.0 2.35 7,243 24.1 2.60 10,115 33.7 2.86 11,102 37.0 2.95 12,104 40.3 3.03 
500 1,491 3.0 1.98 4,045 8.1 2.24 6,732 13.5 2.50 9,553 19.1 2.76 10,523 21.0 2.84 11,508 23.0 2.93 
700 1,105 1.6< 1.88 3,607 5.2 2.13 6,243 8.9 2.39 9,013 12.9 2.65 9,966 14.2 2.73 10,933 15.6 2.82 
900 3,191 3.5 2.02 5,776 6.4 2.29 8,494 9.4 2.54 9,429 10.5 2.63 10,380 U.5 2.71 
1,100 2,796 2.5 1.92 5,329 4.8 2.18 7,996 7.3 2.44 8,914 8.1 2.52 9,1148 9.0 2.61 
1,300 2,422 1.9< 1.82 4,904 3.8 2.07 7,519 5.8 2.33 8,420 6.5 2.42 9,336 7.2 2.50 
1,500 4,500 3.0 1.97 7,064 4.7 2.22 7,948 5.3 2.31 8,847 5.9 2.40 
1,700 4,117 2.4 1.86 6,629 3.9 2.12 7,496 4.4 2.20 8,378 4.9 2.29 
1,900 3,755 2.0< 1.75 6,216 3.3 2.01 7,066 3.7 2.10 7,931 4.2 2.18 
2,100 5,825 2.8 1.91 6,657 3.2 1.99 7,505 3.6 2.08 
2,300 5,454 2.4 1.80 6,270 2.7 1.89 7,100 3.1 1.97 
2,500 5,105 2.0< 1.69 5,903 2.4 1.78 6,717 2.7 1.86 
2,700 5,558 2.1' 1.67 6,354 2.4 1.76 
2.900 6,013 2.1 1.65 
• For each of the feed combinations, there would also be fed a certain amount of the supplem ent shown in table 3. This supplement would be fed at the rate of 0.2 of a pound per day. 
b Temperature is held constant at the over-all mean. 
"Ration is the ratio of soilage to corn. 
d Indicates the marginal rate of substitution of corn for soilage in consumption • 
• The all-soilage ration. 
< All feed combinations at this point exceed the 2: 1 ration and, hence, are outside the limits of the experiment. 
the over-all nonstilbestrol function. The slope of the 
isotime curves at any given point indicates the rate 
at which com substitutes for soilage in consumption. 
The curvature of the isotime curves changes little 
over their length, suggesting that the substitution rates 
between the two feeds in consumption are "highly" 
constant. The isotime curves in both figs. 8 and 9 are 
slightly convex to the origin. However, if the range on 
the experimental rations had been extended past the 
2:1 ration, the isotime curves, or "stomach capacity" 
curves, might have become slightly concave to the 
origin, at least for the heavy com rations. 
By superimposing the gain isoquants on the iso-
time curves, it is possible to get some idea of the 
portion of the production surface that is relevant for 
various feeding periods. Figs. 8 and 9 show the pre-
dicted gain isoquants (the solid lines) superimposed 
over the predicted isotime curves (the dashed lines) 
for the rations with and without stilbestrol, respective-
ly. In both figs. 8 and 9, the all-soilage ration line, 
the 140-day isotime curve and the 2:1 ration line 
depict the boundary lines for the 140-day feeding 
period. 
Time Relationships 
Equations that express the total time required to 
consume various quantities of soilage and corn may 
be derived from the over-all soilage-consumption 
functions. Thus, the over-all time equations for the 
rations with and without stilbestrol, as derived from 
the two over-all soilage-consumption equations (24 
and 25), are as follows: 
I. With stilbestrol 
(28) T=-558.36128626+0.05781948C 
±6.7475645 (6,847.57044400 
-0.OO000523C2-0.82767919C 
-0.26107315H +0.29640324F) Yo 
II. Without stilbestrol 
(29) T=-1,176.48647060+0.00763899C 
±11.436640 (10,582.22455560 
-0.OOO01571C2+0.45460922C 
-3.07787452H+0.17108144F) Yo 
Time equations 28 and 29 express the total time (T) 
required to consume a given quantity of corn and 
soilage as a function of the soiJage (F) and corn (C) 
fed. Thus, it is possible to predict the time required 
to produce various levels of gain, when different soil-
age-corn rations are fed, by substituting into the time 
equations the predicted feed requirements for the var-
ious levels of gain. Table 21 shows, for a selected num-
ber of stilbestrol soilage-com rations, the time required 
to produce various levels of gain.22 In all cases, the time 
required to produce a given level of gain decreases as 
the proportion of com in the ration increases. Too, the 
predicted values indicate that, for a given feeding 
period, the maximum level of gain is attained with the 
heaviest com ration. 
The average daily rate of gain for various levels of 
U The predicted feed requirements for selected rations with and With-
out stilbestrol for various levels of gain are shown in tables 8 and 9. 
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gain are presented in table 22 for a selected number 
of stilbestrol rations. The average daily rate of gain 
is found by dividing total gain by the number of days 
required to attain this gain. For any given level of 
gain, the average daily gain increases as the propor-
tion of com in the ration increases. For any given ra-
tion, the average daily rate of gain diminishes as the 
beef animal takes on heavier weights. The estimates in 
table 23 for the rations without stilbestrol follow a 
pattern similar to those for the stilbestrol rations, ex-
cept for the magnitude of the average daily rates of 
gain. 
Table 22. Average daily gains far various levels of gain when 
850-pound good-to-choice feeder steers are fed 
selected stilbestrol soilage-corn rations (tempe .... 
oture is held constant at the over-all mean). 
Total Average daily rate of gain for 
pounds selected ratioos:· (in lb •. ) 
of 
gain 
50 
100 
150 
200 
250 
300 
350 
400 
All 
soilage 
1.818 
1.681 
1.472 
20:1 15:1 
2.101 2.183 
2.016 2.105 
1.908 2.0ll 
1.768 1.892 
1.556" 1.739 
1.568b 
10:1 8:1 5:1 
2.336 2.439 2.688 
2.262 2.370 2.632 
2.183 2.297 2.573 
2.092 2.215 2.506 
1.983 2.122 2.434 
1.847" 2.013" 2.358 
2.273b 
• Ration is the ratio of soilage to com. 
b Indicates a feeding period of more than 136 days. 
3:1 2:1 
3.030 3.333 
2.976 3.279 
2.924 3.233 
2.869 3.185 
2.812 3.133 
2.750 3.077 
2.684 3.020 
2.613b 2.959 
Table 23. Average daily gains for various levels of gain when 
850-paund goad-to-choice feeder steers are fed 
selected non stilbestrol soilage-corn rations (temp-
erature is held constant at the average mean). 
Total Average daily rate of gain for 
poonds selected rations:· (in lb •. ) 
of 
gain 
50 
100 
150 
200 
250 
300 
350 
400 
All 
soilage 
2.058 
1.901 
1.685 
20:1 15:1 
2.415 2.513 
2.288 2.392 
2.140 2.249 
1.944 2.073 
1.598b 1.806 
10:1 1':1 I,: 1 
2.674 2.778 3.030 
2.564 2.674 2.924 
2.435 2.551 2.814 
2.278 2.404 2.688 
2.073 2.218 2.530 
1.881b 1.933" 2.327 
2.192b 
• Ration is the ratio of soilage to com. 
b Indicates a feeding period of more than 138 days. 
Time Equations for Selected Rations 
3:1 2:1 
3.3ll 3.546 
3.226 3.448 
3.119 3.356 
3.003 3.241 
2.867 3.113 
2.698 2.956 
2.465b 2.754 
2.426· 
The over-all time equations may be reduced to in-
dividual time equations for selected rations in the 
same manner as the over-all production functions were 
reduced to individual gain equations. These individual 
time equations for selected rations are shown in tables 
24 and 25 for the rations with and without stilbestrol, 
respectively. 
The estimated number of days required to feed 
various quantities of the selected rations are shown 
in table 26 for the stilbestrol rations. The predicted 
values show that time to consume a given quantity 
(pounds) of feed increases with the proportion of 
com in the ration. For example, 5,000 pounds of the 
all-soilage ration (table 26) can be consumed in 57.5 
days, but 61.2 days are required to consume 5,000 
pounds of a 20:1 ration; 62.4 days, for a 15:1 ration; 
and 64.5 days, for a 10:1 ration. 
Fresh-chopped pasture forage has a very high 
moisture content and is highly palatable. Hence, a 
steer consumes and digests, in a given time period, 
larger quantities of rations that contain successively 
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Table 24. Time equations, derived from the aver-all stil-
bestrol time function, to predict the time required 
for 850·pound goad-to-choice feeder steers to con-
sume various quantities of selected rations. 
Ration" Prediction equations for time in days· 
Ration A T .. :=-558.3613+6.7476'YA±6.7476 (6,847.5704 
All soilage +0.2964'Y .. -O.2611H) % 
Ration B Tn==-558.3613+0.0028'Yn±6.7476 (6,847.5704 
20: 1 -0.0000000 l')I'B+0.2429'Yn-O.2611H) v.. 
Ration C Tc:=-558.3613+0.0036'Yc±6.748 (6,847.5704 
15: 1 -O.00000002'Y'c+0.226hc-0.2611H) % 
Ration D TD:=-558.3613+0.0053'YD±6.7476 (6,847.5704 
10: 1 -O.00000004-y2D+0.1942'YD-O.2611H) v.. 
Ratioo E TE=-558.3613+0.0064'YE±6.7476 (6,847.5704 
8: 1 -0.00000006'Y',,+0.1715'YE-0.261lH) 'Ao 
Ration F TF:=-558.3613+0.0096'YF±6.7476 (6,847.5704 
5:1 -O.00000014'Y·Ft-0.l090'YF-O.2611H) % 
Ration G To=-558.3613+0.0144'YG±6.7476 (6,847.5704 
3: 1 -0.00000033'Y'G+0.0154'YG-O.2611H)'" 
Ration H Tn:=-558.3613+0.0193'YH±6.7476 (6,847.5704 
2: 1 -0.00000058'Y·1I-0.0783'YII-0.261lH) % 
• Ration is the ratio of soilage to com. 
b In each equationl 'Y denote. total pounds of feed of the particular 
ration indicated by tne small capital letter following 1'. 
Table 25. Time equations, derived from the aver-all nonstil-
bestrol time func:tion, to predi~t the time required 
for 850- pound good-to-choice feeder steers to 
consume various quantities of selected rations. 
Ration-
Ration A 
All soilage 
Ration B 
20:1 
Ration C 
15:1 
Ration D 
10:1 
Ration E 
8:1 
Ration F 
5:1 
Ration G 
3:1 
Ratioo H 
2:1 
Prediction equations for t;me in days· 
TA=-l,176.4865±11.4366 (10,582.2246+0.171l'Y .. 
-3.0779H)% 
Tn==-l,176.4865+0.0004'l'B±1l.4366 (10,582.2246 
-0.00000004'l'·B+0.1846'YB-3.0779H) % 
Tc=-1,176.4865+0.0005'Yc±11.4366 (10,582.2246 
-0.00000006'Y·c+0.1888'Yc-3.0n9H) % 
TD:=-1,176.4865+0.0007'YD±I1.4366 (10,582.2246 
-O.00000013'l"n+0.1969'YD-3.0779H) .,. 
TE=-I,176.4865+0.0008'YE±1l.4366 (10,582.2246 
-0.00000019'Y'E+0.2026'YE-3.0779H) Ii 
T .. :=-1,176.4865+0.0013'YF±1l.4366 (10,582.2246 
-O.000000441'2 .. +0.2183'YF-3.0779H) % 
To:=-l,176.4865+0.0019'l'o±1l.4366 (10,582.2246 
-0.00000098'Y2o+O.2420'l'o-3.0779H) v.. 
TIl=-1,176.4865+0.0025'l'Il±I1.4366 (10,582.2246 
-O.00000175'Y·,,+0.2656'Y1I-3.0779H) % 
• Ratioo is the ratio of soilage to com . 
b In each equatioo, 'Y denotes total pounds of feed of the particular 
ration indicated by the small capital letter following 1'. 
Table 26. Estimated totol time required for 850-paund good-
to-choice feeder steers to consume various 
amounts 'of selected soilage-corn rations (with 
stilbestroll." 
Pound. 
of feed 
fed 
500 
1,000 
2,000 
3,000 
4,000 
5,000 
6,000 
7,000 
8,000 
9,000 
10,000 
11,000 
12,000 
13,000 
14,000 
15,000 
All 
Total daysb required to feed various quantities 
of selected rations:' 
soilage 20:1 15:1 10:1 8:1 5:1 3:1 2:1 
6.0 6.3 6.4 6.6 6.7 7.0 7.5 8.0 
12.0 12.6 12.8 13.1 13.4 14.1 15.1 16.0 d 
23.7 25.0 25.4 26.1 26.7 28.1 30.1 132.0 
35.1 37.2 37.8 39.0 39.8 I 42.0 45.1 47.9' 
46.4 49.3 I 50.2 51.8 53.0 56.0 60.1 f63.8 
57.5 i'"6f.2 62.4 64.5 66.0 69.8 I75.l 79.6 
-e8.3 73.1 74.5 77.1 78.9 188.7 90.0 95.3 t 
79.0 84.7 86.4 89.6 ~ 97.5 104.9 IUO.9 
89.5 96.3 98.3 1102.1 104.6 111.2 1119.8 126.4-
99.8 107.7 1110.1 114.4 117.4 125.0 1134.6 1141.91> 
110.0 1119.0 121.7 126.7 130.0 I 138.6h 149.5 1157.3 
120.0 I 130.2 133.2 138.8h 142.6 I 152.3 I 164.3 
129.9 1141.311 144.7 150.9 I 155.2 165.9 I 
139.6h 1152.3 156.0 1163.0 I 
149.2 I I I 
158.7 I I I 
• Temperature is held con.tant at the over-all mean. 
b All values are derived from the equations in table 24. 
• Ration is the ratio of soilage to com. The horizontal lines refer to 
these gains in pound.: d=100, e=200, f=300 and g:=400. The letter h 
indicates a period of more than 136 day. for numbers below the last 
line. 
greater proportions of soilage. Of course, the total 
digestible nutrient intake is less in soilage rations than 
in rations containing. successively greater Prollortions 
of corn. This relationship is implied when tables 12 
and 26 are compared. In tables 12 and 14, time lines 
have been drawn across the various ration columns 
to indicate feeding periods of equal length. Thus, 
tables 12 and 26 for the stilbestrol rations show gains 
to be greater, for a given time, for the heavier com 
rations. Furthermore, this greater gain is attained with 
less total pounds of feed, as compared with rations 
with more soilage. 
The average daily gains from feeding various quan-
tities of selected rations are shown in table 27 for the 
rations with stilbestrol and in table 28 for the rations 
without stilbestrol. The average daily gains increase 
for any given level of feed consumption as the pro-
portion of corn in the ration increases. Similarly, for 
any given .ration, the average daily gains decrease as 
the quantity of feed fed increases. 
By using the over-all soilage-consumption equations 
and ration equation 15, it is possible to derive equa-
tions to predict for various soilage-com rations the 
quantities of corn and soilage that will be consumed 
in various time periods. By substituting ration equa-
tion 15 into soilage-consumption equation 24, the fol-
lowing can be derived for predicting com values for 
various stilbestrol soilage-corn rations: 
1. With stilbestrol 
(30) C=3,753.25935+1,884.01974 a 
+ 16.14405T ± 1,884.01974 
[( -1.992155 - a - 0.00856894T)2 
- 0.87844142T - 0.OO007866T2 
- 0.000935503H] 't!o 
Mter the com values have been determined for any 
given soilage-corn ration, the predicted soilage values 
corresponding to each predicted corn value are de-
rived from ration equation 15. Once the various com-
binations of com and soilage have been determined 
for the diHerent rations, these combinations can be 
substituted into the over-all production function 
(equation 8) to predict the levels of gain. Table 29 
includes feed and gain predictions for specified time 
periods. 
The corn quantities for the soilage-corn rations 
without stilbestrol, can be obtained by using the fol-
lowing equation, which was derived in a manner 
similar to that for the stilbestrol rations: 
II. Without stilbestrol 
( 31) C = 5,640.651186 + 1,630.0 a + 1.08874220T 
+ 1,630.0 [( -3.4605222 - a 
-0.OO066794T) 2 - 0.03887249T 
- 0.00001616T2 - 0.00679832H]'t!o 
Tables 30 and 31 are presented to show the esti-
mated feeding periods for the various possible feed 
combinations presented in tables 6 and 7. These esti-
mated feeding periods in tables 30 and 31 have been 
used in tables 6 and 7, respectively, as a basis for 
designating the relevant marginal rates of substitution. 
Table 27. Average daily gains from feeding various quan-
tities of selected soilage-corn raticns to 8S0-pound 
good-to-choice feeder steers (with stilbestrol).· 
Pounds Average daily gains in pounds for selected rations: b 
of feed All 
fed soilage 20:1 15:1 10:1 8:1 5:1 
500 1.90 2.16 2.23 2.38 2.48 2.74 
1,000 1.87 2.13 2.21 2.37 2.46 2.70 
2,000 1.83 2.10 2.18 2.33 2.41 2.66 
3,000 1.79 2.06 2.14 2.28 2.38 2.62 
4,000 1.74 2.02 2.10 2.24 2.33 2.58 
5,000 1.69 1.98 2.05 2.20 2.29 2.54 
6,000 1.64 1.93 2.01 2.16 2.25 2.49 
7,000 1.59 1.88 1.97 2.11 2.21 2.45 
8,000 1.54 1.84 1.92 2.07 2.17 2.41 
9,000 1.48 1.79 1.87 2.03 2.12 2.36 
10,000 1.43 1.74 1.83 1.98 2.08" 2.32' 
11,000 1.37 1.69 1.78" 1.94' 2.04 2.28 
12,000 1.31 1.64" 1.73 1.89 1.99 2.23 
13,000 1.25" 1.59 1.69 1.84 
14,000 1.19 
15,000 1.13 
• Temperature is held constant at the over-all mean. 
"Ration is the ratio of soilage to corn. 
e Indicates a feeding period of more than 136 days. 
3:1 2:1 
3.08 3.36 
3.03 3.34 
2.99 3.28 
2.95 3.23 
2.90 3.18 
2.85 3.13 
2.81 3.08 
2.76 3.04 
2.72 2.99 
2.67" 2.ft4c 
2.62 2.89 
2.58 
Table 28. Average daily gains from feeding various quan-
tities of selected soilage-corn rations to 850-
pound good-to-choice feeder steers {without stil-
bestron." 
Pounds Average daily gains in pounds for selected rations:b 
of feed All 
fed soilage 20:1 15:1 10:1 8:1 5:1 
500 2.14 2.50 2.59 2.76 2.82 3.09 
1,000 2.13 2.47 2.54 2.72 2.81 3.04 
1,500 2.11 2.44 2.53 2.68 2.78 3.00 
2,000 2.09 2.41 2.50 2.64 2.74 2.96 
2,500 2.06 2.38 2.47 2.61 2.71 2.93 
3,000 2.04 2.35 2.44 2.58 2.67 2.90 
3,500 2.01 2.33 2.41 2.55 2.64 2.86 
4.000 1.98 2.30 2.38 2.52 2.61 2.81 
4,500 1.96 2.27 2.35 2.49 2.58 2.77 
5,000 1.93 2.23 2.32 2.45 2.54 2.74 
5,500 1.90 2.21 2.29 2.42 2.51 2.70 
6,000 1.88 2.18 2.26 2.39 2.47 2.66 
6,500 1.85 2.15 2.22 2.35 2.44 2.62 
7,000 1.82 2.12 2.20 2.32 2.40 2.58 
7,500 1.80 2.09 2.16 2.29 2.36 2.53 
8,000 1.77 2.06 2.13 2.26 2.33 2.49 
8,500 1.74 2.03 2.10 2.22 2.29 2.45 
9,000 1.71 2.00 2.07 2.19 2.26 2.41 
9,500 1.68 1.97 2.04 2.15 2.22 2.37 
10,000 1.66 1.94 2.01 2.12 2.19 2.33 
10,500 1.63 1.90 1.97 2.08 2.15 2.28 
11,000 1.60 1.87 1.94 2.05 2.11 2.24" 
11,500 1.57 1.84 1.91 2.01 2.07 2.20 
12,000 1.55 1.81 1.87 1.98 2.04- 2.15 
12,500 1.52 1.78 1.84 1.94- 2.00 2.11 
13,000 1.49 1.75 1.81 1.91 1.96 
13,500 1.46 1.72e 1.78< 1.87 1.92 
14,000 1.43 1.68 1.74 1.84 
14,500 1.40 1.65 1.71 
15,000 1.37 1.62 1.68 
15,500 1.34· 1.59 
16,000 1.32 
16,500 1.29 
17,000 1.26 
• Temperature is held constant at the over-all mean. 
b Ration is the ratio of soilage to corn. 
e Indicates a feeding period of more than 138 days. 
GRADE FUNCTIONS 
3,1 2:1 
3.36 3.57 
3.31 3.52 
3.26 3.47 
3.22 3.42 
3.18 3.36 
3.14 3.31 
3.09 3.25 
3.04 3.20 
2.99 3.14 
2.95 3.09 
2.90 3.03 
2.85 2.97 
2.80 2.91 
2.75 2.85 
2.70 2.79 
2.65 2.73 
2.60 2.67 
2.55 2.60" 
2.49- 2.54 
2.44 2.47 
2.39 2.41 
2.33 
2.28 
This section develops estimates of beef grades for 
steers fed different soilage-corn rations. A functional 
relationship has been estimated for beef grades in 
relation to feed inputs, making it possible to construct 
isograde contours and to derive the marginal rates of 
substitution of corn for soilage in producing a given 
grade of beef. 
The procedure adopted was to estimate the func-
tional relationship: Grade=g (pounds of corn fed, 
pound of soilage fed). To estimate this functional re-
lationship, however, it was necessary to code the beef 
grades which were measured in the usual subjective 
terms as high standard, average good, low choice, etc. 
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Table 29. Estimated quantities of corn ond soilageS that would be fed and the predicted beef gains for eight selected stilbestrol rations for six different feeding intervals 
(temperature is held constant at the over-all mean). 
30 days 60-dayS----- 90 days 120 days 130 days 140 days 
Lbs. Lb.. Lb.. Lb.. Lb.. Lbs. Lbs. Lb.. Lb.. Lb.. Lbs. Lb.. Lbs. Lb.. Lb.. Lb.. Lb.. Lb •• 
Ration" corne soilage4 gaine corn soilage gam corn soilage gam com soilage gam com soilage gam com soilage gain 
All soilage . 2,549 40.0 . 5,232 100.8 .. . 8,048 138.1 10,997 164.5 . . . 12,010 170.6 . . . 13,037 175.2 
20:1 116 2,322 63.2 236 4,716 119.8 359 7,180 169.1 486 9,713 210.1 529 10,572 221.9 572 11,439 232.6 
15:1 150 2,248 65.6 304 4,555 125.0 461 6,919 177.3 623 9,339 222.0 677 10,158 235.1 732 10,983 247.3 
10:1 212 2,115 70.1 427 4,270 134.2 646 6,463 191.8 869 8,692 242.7 944 9,443 258.0 1,020 10,198 272.5 
8:1 253 2,026 73.0 510 4,082 140.3 771 6,166 201.4 1,035 8,276 256.0 1,123 8,986 272.7 1,212 9,698 288.7 
5:1 361 1,803 80.7 723 3,617 155.7 1,089 5,444 225.0 1,456 7,281 288.4 1,579 7,896 308.2 1,703 8513 327.3 
3:1 504 1,513 90.8 1,010 3,031 175.9 1,518 4,554 256.4 2028 6083 320.2 2,198 6,594 352.5 2,369 7,106 375.2 
2:1 632 1,264 99.7 1,269 2.538 193.8 1,912 3,824 282.2 2:561 5:122 364.8 2,779 5,558 391.1 2,997 5,995 416.7 
• For each of the feed combinations, there would also be fed a certain amount of the .upplement shown in table 3. This supplement would be fed at the rate of 0.2 of a pound per day. 
b Ration i. the ratio of soilage to com. 
• Derived from equation 30. 
4 The all-soilage value was derived from equation 24, all other values were derived from equation 16. 
• Derived from equation 8. 
Table 30. Predicted feeding time for various possible feeding combinations· for various levels of gain-with stilbestrol (temp-
erature held constant at the over-all mean). 
Lb •. 
corn 
o 
100 
200 
300 
400 
500 
600 
700 
800 
900 
1,000 
1,100 
1,200 
1,300 
1,400 
1,500 
1,600 
1,700 
1,800 
1,900 
2,000 
2,100 
2,200 
2,300 
2,400 
2,500 
2,600 
2.700 
2,800 
2,900 
100 lbs. 
Lb •. 
soilageb 
5,182 
4,456 
3,780 
3,147 
2,550 
1,984 
1,447 
933" 
gain 
No. 
of 
day.· 
59.5 
54.2 
49.2 
44.6 
40.2 
35.9 
31.8 
27.9 
200 lb •. gam 
Lb •• 
soilage 
13,506 
11,127 
9,652 
8,490 
7,503 
6,632 
5,846 
5,126 
4,459 
3,836 
3,250 
2,696 
2.170-
No. 
of 
days 
150.74 
130.3 
118.2 
108.9 
101.1 
94.3 
88.2 
82.6 
77.4 
72.5 
67.9 
63.4 
59.1 
300 lb.. gain 
Lbs. 
soilage 
13,732 
11,382 
9,954 
8,832 
7,882 
7,045 
6,291 
5,601 
4,692 
4,366 
3,806-
No. 
of 
days 
180.04 
158.94 
146.64 
137.24 
129.3 
122.3 
116.1 
110.3 
104.9 
99.8 
95.0 
350 lb •. gam 
Lbs. 
soilage 
13,192 
11,201 
9,879 
8,822 
7,918 
7,118 
6,396 
5,733 
5,119 
4,545 
No. 
of 
days 
189.04 
170.94 
159.3d 
150.1" 
142.34 
135.5 
129.2 
123.4 
118.0 
112.9 
400 lbs. gain 
Lb •• 
soilage 
No. 
of 
days 
13,431 205.64 
11,412 186.74 
10,103 174.8" 
9,063 165.44 
8,176 157.54 
7,393 150.5" 
6,687 1.4414 
6,040 138.2d 
5,441" 132.7 
• For each of the feed combinations, there would rum be fed---a-certaiJi- amount of the supplement shown in table 3, fed at the rate of 0.2 of a 
pound per day. 
b Derived from equation 24 • 
• Derived from equation 28. 
4 The estimated feeding period exceeds the 136-day average feeding period in the experiment. 
_ The feed combination at this point exceed. the 2:1 ration and, hence, lies outside the limits of the ezpe.riment. 
Table 31. Predicted feeding time for various possible feeding combinations· for various levels of gain-without stilbestrol (temp-
erature held constant at the over-all mean). 
100 lb.. gain 200 lb.. gain 300 lb •• gain 350 lb.. gain 
Lbs. 
com 
{) 
100 
200 
300 
400 
500 
600 
700 
800 
900 
1,000 
1,100 
1,200 
1,300 
1,400 
1,500 
1,600 
1,700 
1,800 
1,900 
2,000 
2,100 
2,200 
2,300 
2,400 
2,500 
2,600 
Lb •• 
soilageb 
5,526 
4,677 
3,854 
3,056 
2,280 
1,524 
786" 
No. 
of 
day.· 
52.6 
47.9 
43.4 
39.2 
35.1 
31.1 
27.3 
Lb •. 
soilage 
17,773 
15,441 
13,236 
11,623 
10,262 
9,051 
7,943 
6,912 
5,941 
5,020 
4,140 
3,296 
2,482 
1,696e 
No. 
of 
days 
161.9" 
144.8" 
128.6 
117.5 
108.5 
100.7 
93.8 
87.5 
81.7 
76.4 
71.3 
66.6 
62.1 
57.8 
No. No. 
Lbs. of Lb.. of 
soilage day. soilage days 
11,488 151.9<1 
9,350 136.1 
7,847 125.6 
6,589 117.3 
5,474 110.1 
4,456 103.8 
3,510' 98.1 
8,266 148.9'1 
6,492 136.0 
5,161" 126.9 
• For each of the feed combinations. there would also be fed a certain amount of the supplement shown in table 3. fed at the rate of 0.2 of a 
pound per day. 
b Derived from equation 25. 
C Derived from equation 29 . 
• 1 The estimated feeding period exceeds the 138-day average feeding period of the experiment . 
• Tbe feed combination at this point exceeds the 2: 1 ration and, hence, lies outside the limits of the experiment. 
The beef-steer grades were coded by using a 10-year 
average yearly market price of the slaughter steer 
grades. Specifically, the yearly average prices for the 
various grades of slaughter steers at the Chicago 
market for the 10-year period, 1951-60, were listed. 
Then the 10-year average price for each grade was 
determined and used as the average grade. (If the 10-
year average yearly price for good steers at the Chi-
cago market was $20, this price was considered to be 
the value for average good steers.) The high and low 
"good" grade values were then determined by makin~ 
a linear interpolation between the average "good' 
grade values for the different "good" grades. The 
grade index that was used to code the subjective 
grade terms is shown in table 32. The computed range 
on each of the various beef grades is shown in table 33. 
After the observed subjective grade terms had been 
coded with numerical values, tlie grade value of the 
steers at the beginning of the feeding experiment was 
subtracted from each of the observed grade values for 
each lot of steers. This procedure gave a grade series 
Table 32. An index for coding market grades of slaughter 
steers.· 
Slaughter steer grades Numerical code 
High 29.53 
Prime: Average 28.87 
Low 28.21 
High 27.55 
Choice: Average 26.87 
Low 26.13 
High 25.38 
Good, Average 24.64 
Low 23.70 
High 22.75 
Standard, Average 21.81 
Low 20.93 
High 20.04 
Utility: Average 19.16 
Low 18.28 
• The numerical coding value for the average grade of each particular 
slaughter grade is the lO-year, 1951-60 average yearly price for that 
grade of slaughter steers at Chicago. (See footnote 25.) 
in terms of the change in beef grade since the begin-
ning of the feeding period. A quadratic function was 
used to express the functional relationship between 
the change in beef grade (Q') and the consumption 
of various quantities of the two feeds-corn (C) and 
soilage (F). The over-a1l28 equations for estimating 
the change in grade of beef steers since the beginning 
of the feeding period for the rations with and without 
stilbestrol are: 
I. With stilbestrol 
( 32) Q' = 0.OO24655079C + 0.OOO0220680F 
- O.0000003510C2 
II. Without stilbestrol 
( 33) Q' = 0.00l6294178C + 0.OOO0270836F 
- O.00OOO00330C2 
'3 Since only two grade observations were made in 1957, the esti-
mated grade functions are based only on the combined feeding r.eriods 
of 1958 and 1959. Hence, "over-aU" refers to the combined eeding 
periods of 1958 and 1959 at anyone location. 
Table 33. The range on the index values for market grades 
of slaughter steers. G 
Sl aughter steer grades 
Prime: 
Choice: 
Good: 
Standard, 
Range of coded values for 
subjective .Iaughter .teer grades 
29.20 .;; high prime 
28.54 .;; average prime < 29.20 
27.87 .;; low prime < 28.54 
27.21 ..;; high choice < 27.87 
26.50 ..;; average choice < 27.21 
25.75 ..;; low choice < 26.50 
25.01 .;; high good < 25.75 
24.17 .-;; average good < 25.01 
23.22 ..;; low good < 24.17 
22.28 .-;; high standard < 23.22 
21.37 .;; average standard < 22.28 
20.48 ..;; low standard < 21.37 
19.60 .-;; high utility < 20.48 
Utility: 18.72 .;; average utility < 19.60 
low utility < 18.72 
• The range of coded values for each subjectiVe slaughter steer grade 
was obtained. by making n linear interpolation between each of the 
grade values m table 32. 
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In these equations, C is the total intake of corn in 
pounds, measured from the beginning of the feeding 
period to each particular observation period when an 
observation was made on grade. The feeder steers 
were first graded24 at the beginning of the feeding 
period. The next two grade observations were made 
at 6-week intervals, after which the beef steers were 
graded every 21 da}'s until the end of the feeding 
experiment. F is total pounds of soilage intake, mea-
sured in the same manner as was corn. Q' is the 
change in grade of the beef steer since the beginning 
of the feeding experiment. 
The coefficient of determination, standard errors 
and "t" values for the over-all stilbestrol and non-
stilbestrol grade functions are presented in tables 34 
and 35. The coefficient of determination is 0.906 for 
the stilbestrol function and 0.842 for the nonstilbestrol 
function. Certain of the variables in both the stil-
bestrol and nonstilbestrol functions are acceptable 
only at a very low level of probability. Nevertheless, 
these variables have been retained in the function 
since they appear to be consistent with logic. 
If a constant term is added to the change in grade 
functions (i.e., equations 32 and 33) and if this con-
stant term represents the grade of the beef steers at 
the beginning of the feeding period, the equations 
with the constant term added can be used to predict 
the slaughter grade of good-to-choice feeder steers 
after being fed various quantities of corn and soilage. 
The predicted grade values can then be interpreted 
in subjective grade terms with the aid of table 33. 
The over-all average grade value of the beef steers 
at the beginning of the feeding experiment was 21.67. 
When this value of 21.67 is used as the constant term 
in equations 32 and 33, the over-all grade functions 
( Q) for the rations with and without stilbestrol can 
be written as: 
I. With stilbestrol 
(34) Q = 21.67 + O.0024655079C 
+ 0.00002206680F - 0.00000035100 
II. Without stilbestrol 
(35) Q = 21.67 + 0.0016294178C 
+ 0.0000270836F - O.0000000330C!l 
where Q is the predicted slaughter grade which can 
be interpreted in subjective grade terms with the use 
of table 33. 
Isograde Contours 
The beef isograde equations can be derived for the 
rations with and witliout stilbestrol from over - all 
grade equations 34 and 35, respectively. The beef iso-
grade equations are: 
•• In 1958, the feeder steers were graded at the beginning of the 
feeding experiment on both a feeder and s1augbter steer basis. However. 
in 1959 the feeder steers were graded at the beginning of the feeding 
experiment on only a feeder basis. To construct a grade surface it is 
necessary that the beef grades all be On the same basis. Therefore, the 
IIrst grade observations in 1959 were converted from a feeder basis to a 
slaughter basis. The 1958 data where tbe feeder steers were graded at 
the beginning of the feeding experiment on both a feeder and slaughter 
steer hasis was used as a basis for converting the first grade observations 
in 1959 from a feeder to a slaughter basis. Thereafter, only the grade 
observations that were on a slaughter hasis were used to determine the 
beef-grade surface. 
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Table 34. Coefficient of determination, standard errors and 
"t" values for the over-all stilbestrol grade func-
tion (equation 32). 
Standard 
error of 
Independent regression "t" Level of 
R' variable coefficient value significance 
0.9066 C 0.0002031230 12.138 p<O.OOl 
F 0.0000128474 1.718 0.05<p<0.10 
co 1l.0000000928 3.782 p<O.OOl 
Table 35. Coefficient of determination, standard errors and 
"t" values for the ove .... all nonstilbestrol grade 
function (equation 33). 
Standard 
error of 
R' 
Independent 
variable 
regression 
coefficient 
0.8420 C 0.0002688487 
F 0.0000152410 
C· 0.0000000880 
I. With stilbestrol 
(36) 
"t" Level of 
value significance 
6.176 p<O.OOI 
1.777 0.05<1><0.10 
0.266 p<0.50 
F Q-21.67 -0.0024655079C+0.00OOO03510C2 
0.0000220680 
II. Without stilbestrol 
;37) Q-21.67 -0.00l6294178C+0.0000000330C2 
0.0000270836 
The isograde equations can be used to determine 
the isograde contours that specify the various quan-
tities of com and soilage required to attain a given 
grade of beef. The slope of the isograde contours is 
the substitution rate between the two feeds in the pro-
duction of a given grade of beef. The equations for 
predicting the marginal rate of substitution of com 
for soilage in the production of a given grade of beef 
can be obtained from the isograde equations by taking 
the partial derivative of soilage with respect to com. 
The equations for predicting the marginal rates of sub-
stitution of com for soilage in the production of a 
given grade of beef are: 
1. With stilbestrol 
(38) of 0.000000702C - 0.002466 
oC = 0.000022 
II. Without stilbestrol 
( 39) of _ 0.000OO066C - 0.001629 
oC - 0.000027 
Beef isograde schedules, and the marginal rate.s of 
substitution associated with them, have been derIved 
for the following beef grades: high standard, low 
good, average good, high good and low ch?ice. The 
beef isograde schedules and associated margmal rates 
of substitution are presented in table 36 for the over-
all stilbestrol function. The isograde schedules (dash-
ed lines) have been plotted in fig. 10 for the over-all 
stilbestrol function and in fig. 11 for the over-all non-
stilbestrol function. The slope of the isograde curves 
(dashed lines) at any given point indicates the rate 
at which corn substitutes for soilage in the production 
of a given grade of beef. The curvahue of the iso-
grade curves, as indicated in both figs. 10 and 11, 
changes but Httle, suggesting that the substitution 
co 
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Table 36. lsograde schedules, derived from the over-oil stilbestrol grade function (equotion 34), showing possible feed combinations~ and marginal rates of substitution 
of corn for soilage at five slaughter steer grade levels, for 8S0-pound goed-to-choice feeder steers (temperoture is held constant at the over-all meanl. 
Lbs. 
corn 
o 
100 
200 
300 
400 
500 
600 
700 
EOO 
900 
1,000 
1,100 
1,200 
1,300 
1,400 
1,500 
1,600 
1,700 
1,800 
1,900 
2,000 
2,100 
2,200 
2,300 
2,400 
2,500 
2,600 
2,700 
2,800 
2,900 
3.000 
High standardb 
Lbs. ilFd 
soilage Ratione <lC 
27,231" 
16,854" 
6,795 
136.16 
56.18 
14.49 
105.36 
102.18 
100.00 
Low goodb 
Lbs. ilF 
soilage Ration ilC 
30,680' 
21,575· 
12,789 
4,320 
51.13 
30.82 
15.99 
4.80 
92.63 
89.46 
86.28 
83.10 
Average goodb 
Lbs. <IF 
soilage Ration <lC 
23,418" 
16222" 
9:344 
2,784 
19.52 
12.48 
6.67 
1.86t 
73.55 
70.37 
67.19 
64.01 
• For each of the feed combinations, there would alsc be fed a certain amount of the supplement shown intable 3. This 
b The munerieal value of the subjective slaughter grades used in deriving the isograde schedules is the average vall1e of 
C Ration is the ratio of soilage to com. . 
• Indicates the marginal rate of substitutiou of corn for soilage. 
• Estimated time required to consume this combination of corn and soilage exceeds the 136-day average feeding period. 
r All feed combinations at this point exceed the 2: 1 ration, and. hence, are outside the limits of the experiment. 
High goodb 
Lbs. <IF 
soilage Ration OC 
18,535e 
13,257· 
8,287 
3,636 
10.30 
6.98 
4.14 
1.73t 
54.47 
51.29 
48.11 
44.93 
Low choiceb 
Lbs. of 
soilage Ration oC 
19,135" 
16,392" 
13,967" 
ll,860· 
10,071" 
7.36 29.02 
6.07 25.84 
4.99 22.66 
4.09 19.47 
3.36 16.30 
supplement would be fed at the rate of 0.2 of 
each particn1ar grade as shown in table 32. 
a pouud per day. 
for any given grade of beef are at a very slightly 
diminishing rate. 
By superimposing the gain isoquants (the solid 
curves with negative slopes) over the isograde curves, 
it is possible to see certain relationships between the 
the levels of beef gains and beef grades. Figs. 10 and 
11 show the predicted gain isoquants (solid curves) 
superimposed over the predicted isograde curves 
(dashed lines) for the rations with and without stil-
bestrol, respectively. In fig. 10, the average good 
isograde contour is represented by a coded numerical 
grade value of 24.64, shown in table 32. However, 
in subjective grade terms the average good grade, as 
well as all other grades, can be considered to extend 
over a range of numerical values. The average good 
grade in coded numerical values, as shown in table 
33, extends from 24.17 to 25.01. Furthermore, the 
entire grade surface can be broken down into grade 
"areas" as indicated in table 33. The average good 
grade range in fig. 10, for example, would extend 
both above and below the average good isograde 
contour indicated. Therefore, each of the isograde 
curves can be thought of as a "wide band" extending 
over the grade surface denoting the various subjective 
beef grade "areas" such as high standard, low good, 
average good, etc. 
PROFIT MAXIMIZATION 
Estimates of the last section were merely for the 
grade of slaughter steers fed different soilage-com 
rations. No attempt was made to derive the value of 
steers at the end of a given feeding period. We now 
attempt to estimate (a) the expected profits from 
feeding various soilage-com rations for various feed-
ing periods with different soilage-com price condi-
tions, (b) the optimum feeding period for different 
soilage-com rations with different soilage-corn price 
conditions and (c) the optimum soilage-com ration 
to maximize profits under different soilage-corn price 
conditions. 
The price nt which beef cattle sell upon the end 
of a feeding period depends, ceteris paribus, upon 
their grade (see fig. 12). Thus, one of the (,;ljects of 
fattening beef cattle is to improve their grade (qual-
ity). While the price of beef cattle will vary among 
(and even within broad) grades, the price of the 
different grades will also vary over any given feeding 
period because of seasonal price changes. Therefore, 
the value or the price for which the beef cattle will 
sell at any given time depends upon the grade of the 
cattle and the price for that particular grade. 
To estimate the price for which slaughter steers 
will sell at any given time, the functional relationship 
that expresses the price of slaughter steers as a func-
tion of the quantity of soilage consumed and time 
was computed. To estimate this functional relation-
ship, however, it was necessary to have a price series 
to represent the grade of beef steers during the feed-
ing period as well as the general market price as-
sociated with the grade. Since the beef steers were 
graded at definite intervals throughout the beef-feed-
ing experiment, the subjective grade terms can be 
replaced with the market price for that grade at the 
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Fig. 12. Seasonal change in slaughter steer prices at Chicago, 
1951·60 averoge. 
time the steers were appraised. This procedure gives 
the subjective grade terms a numerical value for 
analysis and also furnishes a price series to represent 
the value or price of the steer at various stages of 
the feeding period. 
The price of steers for this analysis is based on 
weekly Chicago prices.25 For each week throughout 
the boef-feeding experiment, a 10-year (1951-60) 
weekly average price was computed for each of the 
various grades of slaughter and feeder steers. The 10-
year average weekly price of each grade was con-
sidered to be the flverage price of that particular 
grade. 26 
After the 1O-year average weekly price had been 
computed for each of the beef grades, the subjective 
grade observations were then replaced by the corres-
ponding average weekly price. In some instances, the 
beef steers were graded on both a feeder and slaugh-
ter basis, while in most cases, the steers were graded 
on either a feeder or a slaughter basis. In the fonner 
case, the basis that resulted in the highest price was 
the one used in the analysis. The procedure assumes 
that a beef steer is sold on the grade basis that brings 
the greatest refilm. 
To estimate the change in the price of beef steers 
from the beginning of the feeding period, a quad-
25 U. s. Deparbnent of Agriculture, Agricultural Marketing Service. 
Livestock, meat and wool market news. Vols. 19-29. 1951-61. 
.0 For example. if for the second week in August the 10-year average 
weekly price for choice slaughter steers at Chicago was $25.00 per 
hundred pounds, this price was considered to be the price for atlera!(e 
choice slaughter steers. The prices for the high and low grades of each 
particular grade were then detcnnined by making a linear interpolation 
between the average grade values. 
ratic equation was used to determine the functional 
relatiDnship: The change in the price Df beef steers 
(P/)=p' (pounds Df sDilage, time in days). ~s 
relationship was estimated for both the rations WIth 
stilbestrol and those without. The "over-aU"27 change 
in price equations for the rations is: 
I. With stilbestrol 
( 40) P' = -0.0000040l58F + 0.0000382807T 
+ O.0000017537T2 - 0.OOOOOOOO48FT 
II. Without stilbestrol 
( 41) P' = -O.0000004996F - 0.0002393978T 
+ 0.0000036576T2 - 0.0000000281FT. 
In these equations, F refers to pounds of soilage, T 
refers to time in days and pI refers to the change in 
the price of beef steers measured in cents per pound. 
All of the variables are measured from the beginning 
Df the feeding period to each particular period when 
an observation was made on grade. 
The price series (P') used in this analysis was ob-
tained by subtracting the price of the steers at the 
beginning of the feeding period from all price values 
in the series. Thus, the first price observation value 
would be zero. Consequently, price equations 40 and 
41 have been estimated without a constant term. 
The coefficient of determination, standard errors 
and "t" values for the stilbestrDI and nonstilbestroI 
price functions are presented in tables 37 and 38. 
If a constant term is added to equations 40 and 41 
and if this constant term is the value Df the steers at 
the beginning of the feeding period, then the price 
functions (i.e., those functions with the constant term 
added) can be used to predict the price at which the 
beef steers will sell. The average price of the feeder 
steers at the beginning of the feeding period was 25 
cents per pound. \Vhen 25 cents is used as the constant 
term, the price function (P) for the rations with and 
without stilbestrol can be written as: 
27 "Over-all" refers to the combined feeding period of 1959 at anyone 
location. 
Table 37. Coefficient of determination, standard errors and 
"t" values for the over-all stilbestrol price function 
(equation 40). 
Standard 
error of 
Independent regression "I" Level of 
R" variable coefficient value significance 
0.8218" F 0.00000051 7.806 p<0.001 
T 0.00005077 0.754 0.40<1'<0.50 
T" 0.00000040 4.407 1'<0.001 
FT 0.000000004 1.228 0.20<p<0.40 
• The coefficient of determination is based on the urawu snm of 
squares. 
Table 38. Coefficient of determination, standard errors and 
"t" values for over-all nonstilbestrol price function 
(equation 41l. 
Standard 
error of 
Level of Independent regression "I" 
R" variable coefficient value significance 
0.7484" F 0.00000254 0.197 p>0.50 
T 0.00000190 1.263 0.20<p<0.40 TO 0.00000002 2.180 0.025<p<0.05 
FT 0.00000002 1.250 0.20<1'<0.40 
• The coefficien t of detennination is hased on the "ra\v" sum of 
squares. 
I. With stilbestrol 
( 42) P=0.2500-0.0000040158F +O.OOO0382807T 
+0.00OO017537T2-0.0000000048FT 
II. Without stilbestrol 
( 43) P=0.2500-0.0000004996F -0.OO02393978T 
+0.0000036576T2-0.0000000281FT 
Similarly, if a constant term is added to th~ p~­
duction functions in equations 8 and 9 and if tillS 
constant term represent'l the average weight of the 
steers at the beginning of the feeding period, then 
the production functions with this constant term can 
be used to predict the total weight (W) of the beef 
steers. The equations for estimating the total weight 
(W) of the beef steers for the rations with and with-
out stilbestrol can be written as: 
I. With stilbestrol 
( 44) W =850.00+0.11637150C+0.02316051F 
-0.0000049955C2-0.0000007455F2 
+O.000OO0374CF -1.2236046H 
II. Without stilbestrol 
( 45) W =850.0+0.14971812C+0.0212877 4F 
-0.OOOO122612C2-0.0000005775F2 
-0.000OO37907CF -2.2005042H 
Profit Function 
Profit is defined as the difference between total 
revenue and the total expenditure for all inputs. The 
profit function as it is related to beef-cattle feeding 
can be represented as: 
(46) 1T=WP-PCC-PFF-0.2TPs-K 
where 1T refers to the profit, W refers tOo the total 
weight of the steer, P refers to the selling price, Po 
refers to the price of corn, C refers to the pounds of 
corn fed PF refers to the price of soilage, F refers to 
the pou~ds of soilage fed, T refers to time in days, Ps 
refers to the price of the supplement, and K is the 
value of the feeder steer at the beginning of the 
feeding period. The equation includes only feed costs 
(other costs would need to be subtracted to compute 
net profit). 
Thus, the over-all profit functions for the rations 
are: 
I. With stilbestrol 
( 47) 1T= (850.00+0.11637150C+0.02316051F 
-0.0000049955C2-0.0000oo7455F2 
+0.000000037 4CF -1.2236046H) (0.2500 
-0.000OO40l58F +0.0000382807T 
+0.OOO0017537T2-0.0000000048FT) 
-PcC-Pl<,F -0.2TPs -K 
II. Without stilbestrol 
( 48) 1T= ( 850.00+0.14971812C+0.02128774F 
-0.0000122612C2-0.0000005775F2 
-O.0000037907CF -2.2005042H) (0.2500 
-0.OOO0004996F -0.OOO2393978T 
+0.OOO0036576T2-0.0000000281FT) 
- PcC-PFF -0.2TP s-K 
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The profit equations can be used to estimate profits 
from feeding any given soilage-corn ration - from 
the all-soilage ration to the 2:1 soilage-com ration -
for any given feeding period within the pasture 
growing season. For example, the estimated profits 
from feeding the 10:1 soilage-corn stilbestrol ration 
for 140 days can be determined if the cost of the 
feeder steer and the prices of the feed inputs are 
known. The quantity of com that will be fed in the 
10: 1 soilage-com stilbestrol ration can be determined 
from equation 40. The soilage value corresponding 
to this com value is then readily determined from 
ration equation 15. Therefore, given the cost of the 
feeder steer and the prices of the feed inputs, the 
expected profits can be predicted. 
The profit equation can also be used to estimate 
profits from feeding some given total quantity of feed 
of a specific ration. The time required to consume 
this given total quantity of feed of a given ration can 
be determined from the time equations in table 24 
or table 25. A time equation can be derived for rations 
other than those listed by following the same pro-
cedure used in deriving the equations in tables 24 
or 25. Again, if the cost of the feeder steer and the 
prices of the feed inputs are known, the expected 
profits can be determined. 
The expected profits from feeding various stilbestrol 
rations for 140, 130, 120 and 90 days with various 
feed price assumptions are presented in tables 39, 40, 
41 and 42, respectively. In table 39, a feeder steer 
fed the 20:1 ration for 140 days is predicted to con-
sume 11,439 pounds of soilage, 572 pounds of com 
and 28 pounds of supplement. At the end of the 140-
day feeding period, the steer is predicted to weigh 
1,083 pounds, to grade high standard, to sell for a price 
of $23.62 per hundredweight and to be worth $255.67. 
The steer at the beginning of the feeding period has 
been valued at $25 per hundredweight for a total 
value of $212.50. If the price of soilage is $3 per ton 
and the price of corn is $1 per bushel, the total feed 
costs for feeding a steer 140 days will be $28.35, which 
includes the cost of the supplement valued at $3.50 
per hundredweight. The profit above feed costs from 
feeding the 20:1 ration for 140 days is $14.82. All of 
the other rations and feed-price combinations are 
interpreted in a similar manner. The expected profits 
from feeding various nonstilbestrol rations for 140 
days under various feed-price assumptions are pre-
sented in table 43. 
With most of the feed-price combinations, the 
greatest profits are obtained when the heaviest com 
ration is fed. However, when the price of soilage is 
low relative to the price of corn, the most profitable 
ration has less corn and more soilage. 
While tables 39 through 43 show the expected 
profits from feeding various soilage-corn rations for 
various periods of time with various feed-price com-
binations, they do not clearly show the optimum feed-
ing period for any given ration and feed-price com-
bination. 
The profit functions shown in equations 47 and 48 
can be written in general terms as: 
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( 49) '1T= ( al +a2C+aaF +a4 C2+a5F2 +a6CF 
+a7H) (bl+b2F+bsT+b4T2+b5FT) 
-PcC-Pli,F -0.2TPs-K 
where the ats (i=1, ... , 7) refer to the constants in 
the total weight equations and bl's (i=l, ... ,5) refer 
to the constants in the price equations. Since a re-
lationship between feed inputs and time exists as 
specified by the soilage-consumption functions, profits 
must be maximized subject to the conditions specified 
by the soilage-consumption functions. With this re-
striction the profit function, equation 49, can be writ-
ten as: 
(50) '1T= (al +a2C+aaF +a4C2+a5F2+a6CF 
+a7H) (b1 +b!!F+bsT+b4T2+b5FT) 
-pcC-P},F -0.2TPs -K-A (F -clC 
-C:l T -CaC2_C4 T2 -cuCT -c"H) 
where A is an undetermined Lagrange multiplier and 
the CI'S (i=l, ... , 5) are the constants in the soilage-
consumption functions. 
If the ration equation is defined as: 
(51) ;=w 
then 
(52) C = WF. 
Now, by substituting WF for C in the profit function, 
equation 50, it will be possible to determine the op-
thnum feeding period for any given ration and the 
quantities of corn and soilage that will be fed during 
this optimum feeding period. Thus, the profit function, 
equation 50, can be written as: 
(53) 7T=[(a4W2+a5+aaW)F2+(a2W+as)F 
+aI+a7H] [b1+b2F+bsT+b4T2 
+b5FT] -(PcW+PF )F-0.2TPs-K 
-A [(I-CIW)F-C2T-csW2F2 
-C4 T2_C;; WFT -cGH]. 
Maximization of the profit function subject to the 
conditions of the soilage-consumption function results 
in the following set of necessary conditions: 
(54) ~; =[(a4W2+a5+aIlW)F2+(a2W 
+as)F +al +a7H] [b2+bli T] + [b i 
+b2F+bsT+b4T2+b5FT] [2(a4W2 
+a:;+a6W)F+(a2W+as)] -(PeW 
+PF)-[(1-CIW)A-2c3W2AF 
-cr.WATl=O 
(55) ~; =[(a4W2+ar;+uaW)F2+(a2W+as)F 
+al +a7H] [bs+2b.1 T +br;Fl -O.2Ps 
-[ -AC2-2c4AT2 -C5WFA] =0. 
There are now three equations (the soilage-con-
sumption function and equations 54 and 55) and three 
unknowns (F, T and A), and the solution .of t~ese 
equations will determine the optimu~ feeding ~lIlle 
and the quantity of soilage (F) that will be fed gIVen 
the ration (W) and the feed-price combinati?n. If 
corn is included in the ration, then the quantity of 
corn that will be fed can be determined from ration 
equation 52. Once the optimum feeding period and 
co 
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Table 39. Predicted total feed consumption, total weight, grade, selling price, total revenue, total feed costs and net revenue for good-to-choice feeder steers, weighing 
850 pounds at the outset, far eight selected soilage-com stilbestrol ratians fed for 140 days (equation 41)" 
Ration: 
Items under rationsb All soilage 20:1 15:1 10:1 8:1 5:1 3:1 2:1 
Soilage ............... 13,037 100. 11,439 Ibs. 10,983 Ibs. 10,198 100. 9,698 Ibs. 8,513 Ibs. 7,106 lb •. 5,995 Ibs. 
Corn ................ o Ibs. 572 Ibs. 732 Ibs. 1,020 lb •. 1,212 lbs. 1,703 lbs. 2,369 Ibs. 2,997 Ibs. 
SupplementC •••••••••• 28 Ibs. 28 lb •. 28 Ibs. 28 Ibs. 28 Ibs. 28 Ibs. 28 Ibs. 28 Ibs. 
Cost of feeder steer<' .... $212.50 $212.50 $212.50 $212.50 $212.50 $212.50 $212.50 $212.50 
Final weight .......... 1,025 lbs. 1,083 lbs. 1,097 lbs. 1,123 lbs. 1,130 Ibs. 1,177 lbs. 1,225 100. 1,267 lb •. 
Gradc· .............. Av. standard High standard Low good Low good Av. good High good High good Low choice 
Selling price .......... $ 22.87 S 23.62 $ 23.83 $ 24.20 $ 24.43 $ 24.99 $ 25.65 $ 26.17 
Total revenuc ..... $234.46 $255.67 $261.49 $271.63 $278.20 $294.18 $314.21 $331.44 
Total Total Total Total Total Total Total Total 
Prico of Price of feed Net feed Net feed Net feed Net feed Net feed Nct feed Net feed Net 
soilage corn cost! revenue cost' revenue cost! revenue cost' revenue cost revenue cost revenue cost revenue cost revenue 
( $/ton) ( $/bu.) ($) ($) ($) ($) ($) ($) ($) ($) ($) ($) ($) ($) ($) ($) ($) ($) 
1.00 
0.75 
7.50 14.46 
14.36 28.81 16.28 32.71 19.74 39.40 22.06 43.64 28.04 53.65 36.26 65.46 44.12 74.82 
1.00 16.91 26.26 19.55 29.45 24.29 34.84 27.48 38.23 35.64 46.05 46.83 54.88 57.50 61.44 
1.25 19.47 23.71 22.81 26.18 28.84 30.29 32.89 32.82 43.24 38.44 57.41 44.31 70.88 48.05 
1.50 22.02 21.15 26.08 22.91 33.40 25.74 38.30 27.40 50.84 30.84 67.98 33.73 84.26 34.68 
1.75 24.57 18.60 29.35 19.64 37.95 21.19 43.71 21.99 58.44 23.24 78.55 23.16 97.64 21.30 
3.00 
0.75 
20.54 1.43 
25.80 17.37 27.26 21.73 29.94 29.20 31.76 33.94 36.55 45.13 43.36 58.35 50.12 68.82 
1.00 28.35 14.82 30.53 18.46 34.49 24.65 37.17 28.53 44.15 37.53 53.94 47.78 63.50 55.44 
1.25 30.90 12.27 33.80 15.19 39.04 20.09 42.59 23.12 51.75 29.93 64.51 37.20 76.88 42.06 
1.50 33.46 9.71 37.07 11.92 43.59 15.54 48.00 17.71 59.35 22.33 75.09 26.63 90.26 28.68 
1.75 36.01 7.16 40.33 8.66 48.15 10.99 53.41 12.29 66.95 14.73 85.66 16.05 103.64 15.30 
5.00 
0.75 
33.57 -11.61 
37.24 5.93 38.24 10.75 40.13 19.00 41.46 24.24 45.06 36.62 50.47 51.24 56.11 62.83 
1.00 37.79 3.30 41.51 7.48 44.69 14.45 46.87 18.83 52.66 27.02 61.04 40.61 67.47 49.45 
1.25 42.34 0.83 44.78 4.21 49.24 9.89 52.28 13.42 60.26 21.42 71.62 30.09 82.87 36.07 
1.50 44.90 -1.72 48.05 0.94 53.79 5.34 57.70 8.01 67.86 13.82 82.19 19.52 96.25 22.69 
1.75 47.45 -4.28 51.32 -2.33 58.35 0.79 63.11 2.60 75.46 6.22 92.77 8.95 109.63 9.31 
7.00 
0.75 46.61 -24.65 48.68 -5.50 49.23 -0.23 50.33 8.80 51.16 14.55 53.58 28.11 57.57 44.14 62.10 56.84 
1.00 51.23 -8.06 52.49 -3.50 54.89 4.25 56.57 9.13 61.18 20.51 68.15 33.57 75.49 43.45 
1.25 53.78 -10.61 55.76 -6.77 59.44 -0.30 61.98 3.72 68.78 12.91 78.72 22.99 88.87 30.07 
1.50 56.34 -13.16 59.03 -10.04 63.99 -4.86 67.39 -1.69 76.38 5.31 89.30 12.41 102.25 16.69 
1.75 58.89 -15.72 62.30 -13.31 68.54 -9.41 72.81 -7.10 133.98 -2.29 99.87 1.84 115.63 3.31 
• Tempc.-ature is beld constant at the over-all mean. 
b The ,oilallc and corn quantities nrc derived in the manner of those in table 29. 
C ThE' supplement in tablc 3 is fed at the rate of 0.2 of a pound per day. 
"The feeder steer is valued at $25.00/cwt . 
• DerivE'd from equation 34. 
'The total feed cost includes the cost of Corn and soilage plus 28 pounds of supplement valued at $3.50/cwt. 
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Table 40. Predicted total feed consumption, toto I weight, grade, selling price, total revenue, total feed casts and net revenue for good-to-chaice feeder steers, weighing 
850 pounds at the outset, for eight selected soilage-corn stilbestrol rations fed for 130 days (equation 47).4 
Ration: 
Items under rations" All soilage 20:1 15:1 10:1 8:1 5:1 3:1 2:1 
Soilage ............... 12,010 lbs. 10,572 lbs. 10,158 lb •. 9,443 lb •• 8,986 lbs. 7,896 lb •• 6,594 lb •• 5,558 lb •• 
Com o lb •• 529 lb •. 577 lb •. 944 lb •• 1,123 lb •• 1,579 lbs. 2,198 lb •• 2,779 Ibs. Suppl"':';~t';'"'''''''''''''''' .. 26 lbs. 26 lbs. 26 lb •. 26 lbs. 26 lb •• 26 lbo. 26 Ibs. 26 lbs. 
Cost of feeder stee'" . . . . $212.50 $212.50 $212.50 $212.50 $212.50 $212.50 $212.50 $212.50 
Final weight .......... 1,021 lb •. 1,072 Ibs. 1,085 lbs. 1,108 lbs. 1,123 lbs. 1,158 lbs. 1,203 Ibs. 1,241 lbs. 
Grade· ............... Av. standard High standard Low good Low good Av. good Av. good High good Low choice 
Selling price .......... $ 22.90 $ 23.56 S 23.75 $ 24.08 $ 24.30 $ 24.80 $ 25.41 $ 25.89 
Total revenue ......... $233.68 $252.55 8257.75 $266.86 $272.78 $287.25 $305.50 $321.26 
Total Total Total Total Total Total Total Total 
Price of Price of feed Net feed Net feed Net feed Net feed Net feed Net feed Net feed Net 
soilage com cost' revenue cost revenue cost revenue cost revenue cost revenue cost revenue cost revenue cost revenue 
($Iton) ($/bu.) ($) ($) ($) ($) ($) ($) ($) ($) ($) ($) ($) ($) ($) ($) ($) ($) 
1.00 
0.75 
6.92 14.26 
13.28 26.77 15.06 30.19 18.28 36.08 20.45 39.83 26.01 48.74 33.65 59.35 40.91 67.85 
1.00 15.64 24.41 18.08 27.17 22.49 31.87 25.46 34.82 33.06 41.69 43.46 49.54 .53.31 55.45 
1.25 18.00 22.05 21.11 24.14 26.71 27.65 30.47 29.81 40.11 34.64 53.27 39.73 65.72 43.04 
1.50 20.36 19.69 24.13 21.12 30.93 23.43 35.49 24.79 47.16 27.59 63.09 29.91 78.12 30.64 
1.75 22.71 17.34 27.15 18.10 35.14 19.22 40.50 19.78 54.21 20.54 72.90 20.10 90.53 18.23 
3.00 
0.75 
18.93 2.25 
23.85 16.20 25.22 20.03 27.72 26.64 29.43 30.85 33.91 40.84 40.24 52.76 46.46 62.30 
1.00 26.21 13.84 28.24 17.01 31.94 22.43 34.44 25.84 40.96 33.79 50.05 42.95 58.87 49.89 
1.25 28.57 11.48 31.26 13.99 36.15 18.21 39.46 20.82 48.01 26.74 59.87 33.13 71.27 37.49 
1.50 30.93 9.12 34.29 10.96 40.37 13.99 44.47 15.81 55.06 19.69 69.68 23.32 83.68 25.08 
1.75 33.29 6.76 37.31 7.94 44.58 9.78 49.49 10.79 62.11 12.64 79.49 13.51 96.09 12.67 
5.00 
0.75 
30.94 -9.76 
34.42 5.63 35.37 9.87 37.17 17.19 38.42 21.86 41.80 32.95 46.84 46.16 52.02 56.74 
1.00 36.78 3.27 38.40 6.85 41.38 12.98 43.43 16.85 48.85 25.90 56.65 36.35 64.43 44.33 
1.25 39.14 0.91 41.42 3.83 45.60 8.76 48.45 11.83 55.90 18.85 66.46 26.54 76.83 31.93 
1.50 41.50 -1.45 44.44 0.81 49.81 4.55 53.46 6.82 62.95 11.80 76.27 16.73 89.24 19.52 
1.75 43.86 -3.81 47.47 -2.22 54.03 0.33 58.48 1.80 70.00 4.75 86.09 6.91 101.64 7.12 
7.00 
0.75 
42.95 -21.77 
44.99 -4.94 45.53 -0.28 46.61 7.75 47.40 12.88 49.70 25.05 53.43 39.57 57.58 51.18 
1.00 47.35 -7.30 48.56 -3.31 50.82 3.54 52.42 7.86 .56.75 18.00 63.24 29.76 69.98 38.78 
1.25 49.71 -9.66 51.58 -6.33 55.04 -0.68 57.43 2.85 63.80 10.95 73.06 19.94 82.39 26.37 
1.50 52.07 -12.02 54.60 -9.35 59.26 -4.90 62.45 -2.17 70.85 3.90 82.87 10.13 94.80 13.96 
1.75 54.43 -14.38 57.63 -12.38 63.47 -9.99 67.46 -7.18 77.90 -3.15 92.68 0.32 107.20 1.56 
• Ten-perature is held constant at the over-all mean. 
b The soilage and com bluantities are derived in the manner of those in table 29. 
• The supplement in ta e 3 is fed at the rate of 0.2 of a pound per day. 
d The feeder steer is valued at $25.00/cwt. 
• Derived from equation 34. 
'The total feed cost includes the cost of corn and soilage plus 26 pounds of supplement valued at $3.50icwt. 
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Table 41. Predicted toto I feed consumption, total weight, grode, selling price, totol revenue, total feed costs and net revenue for good-to-choice feeder steers weighing 
850 pounds at the outset, for eight selected soilage-corn stilbestrol rations fed for 120 days (equation 47)·, 
Ration: 
Items under rationsb All soilage 20:1 15:1 10:1 8:1 5:1 3:1 2:1 
Soilage. , , , , , ' , . , . , , .. 10,997 lb •. 9,713 Ibs. 9,339 Ibs. 8,692 100. 8,276 Ibs. 7,281 Ibs. 6,083 100. 5,122 Ibs. 
Com o Ibs. 486 lbs. 623 lbs. 869 Ibs. 1,035 Ibs. 1,456 Ibs. 2,028 lb., 2,561 Ibs. Suppl~~t~ . : : " .' : : : : : : 24 Ibs. 24 Ibs. 24 Ibs. 24 Ibs. 24 Ibs. 24 Ibs. 24 lbs. 24 lbs. 
Cost of feeder steer<' , , . , $212.50 $212.50 $212.50 $212.50 $212.50 $212.50 $212.50 $212.50 
Final weight .. ,., ..... 1,015 Ibs. 1,060 Ibs. 1,072 100. 1,093 Ibs. 1,106 100. 1,138 Ibs. 1,179 lbs. 1,215 Ibs. 
Grade" , . , .... , ....... Av. standard High standard Low good Low good Low good Av. good High good Low choice 
Selling price ., ........ $ 22.94 $ 23.53 $ 23.70 $ 24.00 $ 24.19 $ 24.64 $ 25.19 $ 25.64 
Total reVenue .. ' $232.74 $249.45 $254.08 $262.21 $267.52 $280.55 $297.09 $311.43 
Total Total Total Total Total Total Total Total 
Price of Price of feed Net feed Net feed Net feed Net feed Net feed Net feed Net feed Net 
soilage com co..~tt revenue cost revenue cost revenue cost revenue cost revenue cost revenue cost revenue cost revenue 
($/ton) ($/bu. ) ($) ($) ($) ($) (S) ($) (S) (g) ($ ) ($) ($ ) ($) ($) ($) ($) ($) 
1.00 
0.7S 
6.34 13.90 
12.20 24.74 13.85 27.73 16.83 32.88 18.83 36.19 23.98 44.07 31.04 53.55 37.70 61.22 
1.00 14.37 22.58 16.63 24.95 20.71 29.00 23.45 31.57 30.49 37.57 40.09 44.50 49.14 49.79 
1.25 16.54 20.41 19.41 22.17 24.59 25.12 28.07 26.95 36.99 31.07 49.15 35.45 60.57 38.36 
1.50 18.70 18.24 22.19 19.39 28.47 21.24 32.69 22.33 43.49 24.57 58.20 26.39 72.00 26.92 
1.75 20.87 16.07 24.97 16.61 32.35 17.36 37.31 17.71 49.99 18.06 67.25 17.34 83.44 15.49 
3.00 
0.7S 
17.34 2.91 
21.91 15.03 23.19 18.39 25.52 24.19 27.11 27.91 31.27 36.79 37.12 47.47 42.82 56.10 
1.00 24.08 12.86 25.97 15.61 29.40 20.31 31.73 23.29 37.77 30.29 46.18 38.42 54.26 44.67 
1.25 26.25 10.70 28.75 12.83 33.28 16.43 36.35 18.67 44,27 23.79 55.23 29.36 65.69 33.23 
1.50 28.42 8.53 31.53 10.05 37.16 12.55 40.97 14.05 50.77 17.28 64.28 20.31 77.12 21.80 
1.75 30.59 6.36 34.31 7.27 41.04 8.67 45.58 9.44 57.27 10.78 73.33 11.26 88.56 10.37 
5.00 28.33 -8.09 
0.7S 31.63 5.32 32.53 9.05 34.21 15.50 35.39 19.63 38.55 29.51 43.21 41.39 ·17.95 50.98 
1.00 33.79 3.15 36.31 6.27 38.09 11.62 40.00 15.02 45.05 23.01 52.26 32.33 59.38 39.55 
1.25 35.96 0.98 38.09 3.49 41.97 7.74 44.62 10.40 51.55 16.50 61.31 23.28 70.81 28.11 
1.50 38.13 -1.18 40.87 0.71 45.85 3.86 49.24 5.78 58.05 10.00 70.37 14.23 82.25 16.68 
1.75 40.30 -3.35 43.65 -2.07 49.73 -0.02 .53.86 1.16 64.55 3.50 79.42 5.17 93.68 5.25 
7.00 39.33 -19.09 
o:is 41.34 --4.39 41.87 -0.29 42.90 6.81 43.66 11.36 45.83 22.22 49.29 35.30 53.07 45.86 
1.00 43.51 -6.56 44.65 -3.07 46.78 2.93 48.28 6.74 52.33 15.72 58.34 26.25 64.50 34.42 
1.25 45.67 -8.73 47.43 -5.85 50.66 -0.95 52.90 2.12 58.83 9.22 67.40 17.20 75.94 22.99 
1.50 47.84 -10.90 50.21 -8.63 54.55 -4.83 1>7.52 -2.50 65.33 2.72 76.45 8.14 87.37 11.56 
1.75 50.01 -13.07 52.98 -11.41 58.43 -8.71 62.14 -7.12 71.83 -3.78 85.50 -0.91 98.80 0.12 
• Temperature is held constant at the over-all mean. 
b The soilage and com quantities are derived in the manner of those in table 29. 
C The sUPl.lemeot in table 3 is fed at the rate of 0.2 of a pound per day. 
d The fee er stccr is valued at $25.00/cwt • 
• Derived from equation 34. 
r The total feed cost includes the cost of com and soilage plus 24 pounds of supplement valuc-d at $3.50/ cwt. 
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Table 42. Predicted total feed consumption, total weight, grade, selling price, total revenue, total feed costs and net revenue for good-to-choice feeder steers, weighing 
850 pounds at the outset, for eight selected soiloge-corn stilbestrol rotions fed for 90 days {equation 47).4 
Items under rationsb 
Soilage .............. . 
Com ............... . 
Supplement· ......... . 
Cost of freder steer' ... . 
Final weight ......... . 
Grade" .............. . 
Selling price ...... . 
Total revenue ..... . 
Price of 
soilage 
( $/ton) 
1.00 
3.00 
5.00 
7:00 
Price of 
com 
($/bu. ) 
0.75 
1.00 
1.25 
1.50 
1.75 
.. 0.75 
1.00 
1.25 
1.50 
1.75 
0.75 
1.00 
1.25 
1.50 
1.75 
0.75 
1.00 
1.25 
1.50 
1.75 
All soilage 
8,048 Ibs. 
o 1hs. 
IS lbs. 
$212.50 
9SS Ibs. 
Av. standard 
$ 23.19 
$229.13 
Total 
feed Net 
cost! revenue 
($) ($) 
4.65 11.97 
12.70 3.92 
20.75 -4.12 
28.80 -12.17 
20:1 
7,IS0 lbs. 
359 1bs. 
IS lbs. 
$212.50 
1,019 lbs. 
High standard 
$ 23.57 
$240.24 
Total 
feed Net 
cost revenue 
($) ($) 
9.03 18.71 
10.63 17.11 
12.23 15.51 
13.84 13.91 
15.44 12.30 
16.21 11.53 
17.81 9.93 
19.41 S.33 
21.02 6.73 
22.62 5.12 
23.39 
24.99 
26.59 
28.20 
29.80 
30.57 
32.17 
33.77 
35.38 
36.98 
4.35 
2.75 
1.15 
-0.45 
-2.06 
-2.83 
-4.43 
--£.03 
-7.63 
-9.24 
15:1 
6,919 lbs. 
461 lbs. 
IS lbs. 
$212.50 
1,027 lbs. 
High standard 
$ 23.69 
$243.37 
Total 
feed Net 
cost revenue 
($) ($) 
10.27 20.60 
12.33 18.54 
14.39 16.48 
16.45 14.42 
18.51 12.36 
17.19 13.68 
19.25 11.62 
21.31 9.56 
23.37 7.50 
25.42 5.44 
24.11 
26.17 
28.23 
30.28 
32.34 
31.03 
33.09 
35.15 
37.20 
39.26 
6.76 
4.70 
2.64 
0.58 
-1.48 
-0.16 
-2.22 
-4.28 
-6.34 
-8.40 
• T emperaturc is held constant at the over-all mean. 
b The soilage and com quantities are derived in the manner of those in table 29. 
,. The supplement in table 3 is fed at the rate of 0.2 of a pOWld per day. 
d The feeder steer is valued at $25.00/ewt . 
Ration: 
10:1 
6,463 lbs. 
646 lbs. 
IS lbs. 
$212.50 
1,042 lbs. 
Low good 
$ 23.S9 
$248.92 
Total 
feed Net 
cost 
($) 
12.52 
15.40 
18.29 
21.17 
24.06 
18.98 
21.S6 
22.75 
21.63 
30.52 
2.'5".44 
28.33 
31.21 
34.10 
36.98 
31.90 
34.79 
37.67 
40.56 
43.45 
revenue 
($) 
23.90 
2102 
18.13 
15.25 
12.~6 
l7.44 
14.56 
11.67 
8.79 
5.nO 
10.98 
8.09 
5.21 
2.32 
-0.56 
4.52 
1.63 
-1.25 
-4.14 
-7.02 
8:1 
6,166 lbs. 
771 lbs. 
IS lbs. 
$212.50 
1,051 lhs. 
Low good 
$ 24.02 
$252.59 
Total 
feed Net 
cost revenue 
($) ($) 
14.03 26.05 
17.4S 22.61 
20.92 19.17 
24.36 15.73 
27.80 12.29 
20.20 19.89 
23.64 16.45 
27.08 13.01 
30.52 9.57 
33.96 6.13 
26.37 
29.81 
33.25 
36.69 
40.13 
32.53 
35.97 
39.41 
42.85 
46.29 
13.72 
10.28 
6.S4 
3.40 
-0.04 
7.56 
4.12 
0.68 
-2.77 
-6.21 
• Derived from equation 34. 
r The total feed co.,t includes the cost of com and soilage pillS 18 pounds of supplement valued at $3.50/cwt. 
5:1 
5,444 lbs. 
1,089 lbs. 
IS Ibs. 
$212.50 
1,075 lbs. 
Low good 
$ 24.35 
$261.71 
Total 
feed 
cost 
($) 
17.93 
22.79 
27.65 
32.51 
37.38 
23.38 
28.24 
33.10 
37.96 
42.82 
28.82 
33.68 
38.54 
43.40 
48.26 
34.26 
39.12 
43.99 
48.85 
53.71 
Net 
revenue 
($) 
31.28 
26.42 
21.56 
16.70 
11.84 
25.84 
20.98 
16.12 
11.26 
6.39 
20.39 
15.53 
10.67 
5.81 
0.95 
14.95 
10.09 
5.23 
0.37 
-4.49 
3:1 
4,554 Ibs. 
1,518 lbs. 
IS lbs. 
$212.50 
1,105 lbs. 
Av. good 
$ 24.74 
$273.49 
Total 
feed 
cost 
($) 
23.24 
30.02 
36.79 
43.57 
50.35 
27.79 
34.57 
41.3.'5" 
48.12 
54.90 
32.35 
39.12 
45.90 
.'5"2.68 
59.46 
36.90 
43.68 
50.46 
57.23 
64.01 
Net 
revenue 
($) 
37.76 
30.98 
24.20 
17.42 
10.65 
33.20 
26.42 
19.65 
12.87 
6.09 
28.65 
21.87 
15.09 
S.31 
1.54 
24.09 
17.32 
10.54 
3.76 
-3.02 
2:1 
3,824 lbs. 
1,912 Ihs. 
IS lbs. 
$212.50 
1,132 lbs. 
High good 
$ 25.07 
$283.79 
Total 
feed Net 
cost revenue 
($) ($) 
28.15 43.14 
36.69 34.60 
45.22 26.07 
.'5"3.76 17.53 
62.30 8.99 
31.97 39.31 
40.51 30.18 
49.05 22.24 
57.58 13.71 
66.12 5.17 
35.80 
44.34 
52.87 
61.41 
69.94 
39.62 
48.16 
.'5"6.70 
65.23 
73.77 
35.49 
26.95 
18.42 
9.88 
1.35 
31.67 
23.13 
14.59 
6.06 
-2.48 
(D 
..... 
en 
Table 43. Predicted total feed consumption, total weight, grade, selling price, total revenue, total feed casts and net revenue for good-to-choice feeder steers, weighing 
850 pounds at the outset, for eight selected soilage-corn non stilbestrol rotions fed for 140 days.· 
Ration: 
Items under rations" All soilage 20:1 15:1 10:1 8:1 5:1 3:1 2:1 
Soilage ............... 15,240 lbs. 13,094 lb •• 12,487 lb •• 11,438 lb •. 10,768 lb •• 9,176 lb •. 7,296 lb •. 5,827 lb •. 
Com o lb •• 655 lb •. 832 lbo. 1,144 lbo. 1,346 lb •• 1,835 lb •. 2,432 lb •• 2,914 lb •. 
Supplem·.,ntO . : : : : : : : : : : 28 lb •. 28 lb •• 28 lb •. 28 lb •• 28 lbo. 28 lb •• 28 lb •• 28 lbo. 
Coot of feeder steerd .... $212.50 $212.50 $212.50 $212.50 $212.50 $212.50 $212.50 $212.50 
Final weight .......... 1,040 lb •. 1,090 lb •. 1,103 lb •. 1,124 lb •. 1,137 lb •. 1,166 lb •. 1,199 lb •. 1,222 lb •. 
Grade" ............... Av .• taodard High standard Low good Low good Low good Av. good High good Low choice 
Selling price .......... $ 22.06 $ 23.01 S 23.28 $ 23.75 S 24.04 $ 24.75 $ 25.58 $ 26.23 
Total revenue ..... $229.50 $250.84 $256.68 $266.80 $273.29 $288.66 $306.71 $320.64 
Total Total Total Total Total Total Total Total 
Price of Price of feed Net feed Net feed Net feed Net feed Net feed Net feed Net feed Net 
soilago com costf revenue cost revenue cost revenue cost revenue cost revenue co.t revenue cost revenue cost revenue 
($/tOD) ($/bu.) ($) ($) ($) ($) ($) ($) ($) ($) ($) ($) ($) ($) ($) ($) ($) ($) 
1.00 
0.75 
8.32 8.68 
16.02 22.32 18.09 26.09 21.74 32.57 24.11 36.68 29.87 46.29 36.92 57.29 42.63 65.50 
1.00 18.94 19.40 21.81 22.37 26.85 27.45 30.12 30.67 38.06 38.10 47.77 46.44 55.64 52.50 
1.25 21.86 16.48 25.53 18.65 31.95 22.35 36.13 24.66 46.25 29.91 58.63 35.58 68.65 39.49 
1.50 24.78 13.56 29.24 14.94 37.06 17.24 42.14 18.65 54.44 21.72 69.49 24.72 81.66 26.48 
1.75 27.71 10.63 32.96 11.22 42.16 12.14 48.15 12.64 62.64 13.52 80.34 13.87 94.66 13.48 
3.00 
0.75 
23.56 -6.56 
29.11 9.23 30.58 13.60 33.18 21.12 34.88 25.91 39.04 37.12 44.21 50.00 48.46 59.68 
1.00 32.03 6.31 34.30 9.88 38.28 16.02 40.89 19.90 47.24 28.92 55.07 39.14 61.47 46.67 
1.25 34.95 3.39 39.01 6.17 43.39 10.91 46.90 13.89 55.43 20.73 65.93 28.28 74.48 33.66 
1.50 37.88 0.46 41.73 2.45 48.50 5.80 52.90 7.89 63.62 12.54 76.78 17.43 87.48 20.66 
1.75 40.80 -2.46 45.45 -1.27 53.60 0.70 58.91 1.88 71.81 4.35 87.64 6.57 100.49 7.65 
5.00 
0.75 
38.80 -21.80 
42.20 -3.86 43.07 1.11 44.62 9.68 45.65 15.14 48.22 27.94 51.51 42.70 54.29 53.85 
1.00 45.13 -6.79 46.78 -2.60 49.72 4.58 51.65 9.14 56.41 19.75 62.37 31.84 67.30 40.84 
1.25 48.05 -9.71 .50.50 -6.32 54.83 -0.53 57.66 3.13 64.60 11.56 73.22 20.99 80.30 27.84 
1.50 50.97 -12.63 54.22 -10.04 59.93 -5.63 63.67 -2.88 72.80 3.36 84.08 10.13 93.31 14.83 
1.75 53.89 -15.55 57.93 -13.75 65.04 -10.74 69.68 -8.89 80.99 -4.83 94.94 -0.73 106.32 8.82 
7.00 
0.75 
54.04 -37.04 
48.02 55.30 -16.96 55.55 -11.37 56.05 -1.75 56.41 4.38 57.39 18.77 58.81 35.40 60.12 
1.00 58.22 -19.88 59.27 -15.09 61.16 -6.86 62.42 -1.63 65.59 10.57 69.66 24.55 73.12 35.02 
1.25 61.14 -22.80 62.99 -18.81 66.27 -11.97 68.43 -7.64 73.78 2.38 80.52 13.69 86.13 22.01 
1.50 64.06 -25.72 66.70 -22.52 71.37 -17.07 74.44 -13.65 81.97 -5.81 91.38 2.83 99.14 9.00 
1.75 66.99 -28.65 70.42 -26.24 76.48 -22.18 80.45 -19.66 90.17 -14.01 102.23 -8.02 112.14 -4.00 
• Temperature i. held constaot at the over-all mean. 
b The soilage and com quantities are derived in the manner of those in table 29. 
e Th .. supplement in table 3 is fed at the rate of 0.2 of a pound per day. 
• The feeder steer is valued at $25.00/cwt. 
• Derived from equation 34. 
f The total feed cost includes the cost of com aod soilage plus 28 pounds of supplement valued at $2.50/cwt. 
the quantities of soilage and com have been deter-
mined, it is possible to determine also what the profits 
will be for this optimum feeding period by substitut-
ing the values of soilage (F), com (C) and time (T) 
into the profit equation (either equation 47 or equa-
tion 48 depending on whether or not stilbestrol has 
been fed in the ration). 
For any given soilage-com ration and feed-price 
combination, the optimum feeding period is limited 
by the pasture growing season, approximately 140 
days. Therefore, for any given soilage-com ration and 
feed-price combination, the optimum feeding period 
cannot exceed the pasture growing season. 
The optimum feeding period for the 20: 1 soilage-
com stilbestrol ration with soilage valued at $6.00 per 
ton and com valued at $1.00 per bushel is a feeding 
period of 28 days. During this feeding period of 28 
days, 2,139 pounds of soilage, 107 pounds of corn 
and 5.6 pounds of supplement would be fed. The 
profit at the end of the 28-day feeding period is pre-
dicted to be 28 cents - the maximum amount of 
profit that may be expected from feeding the 20:1 
soilage-corn stilbestrol ration with soilage valued at 
$6.00 per ton and com valued at $1.00 per bushel. 
The optimum feeding period for the 20:1 soilage-
corn stilbestrol ration with different feed-price as-
sumptions could be solved in a similar manner. More-
over, the same procedure could be applied to all 
possible soilage-corn rations either with or without 
stilbestrol. 
vVhile the above procedure can be used to deter-
mine the optimum feeding period for any given soil-
age-com ration and feed-price combination, it does 
not specify the optimum soilage-corn ration. To deter-
mine the optimum soilage-corn ration, one additional 
necessary condition must be added to the necessary 
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conditions ah'eady mentioned (i.e., equations 54 and 
55). This additional necessary condition is: 
(56) ~~=[bl+b2F+b3T+b4T2+boFT] 
[2a4 WF2+asF2+a2F] -PoF-
[ -c1AF -2ca WAF -c5AFT] =0. 
There are now four equations (the soilage-consump-
tion function and equations 54, 55 and 56) and four 
unknowns (F, T, A and W). The solution of these 
equations will determine the optimum ration, the op-
timum feeding time and the quantity of soilage (F) 
that will be fed. Once the quantity of soilage and the 
ration (W) have been determined, the quantity of 
corn that will be fed is readily determined from 
ration equation 52. 
For any given feed-price combination, the optimum 
ration is limited by the 2: 1 soilage-corn ration. Rations 
of less than 2 parts soilage to 1 part corn are outside 
the limits of this study. Therefore, the optimum 
ration cannot be less than 2 parts soilage to 1 part 
corn, and the optimum feeding period cannot exceed 
the pasture growing season, which is approximately 
140 days. 
As one example, the optimum soilage-corn stil-
bestrol ration and the optimum feeding period with 
soilage valued at $6 per ton and com valued at $1 
per bushel is the 2: 1 soilage-corn ration fed for the 
entire pasture season, or 140 days. The profit is pre-
dicted to be $46.45. Similarly, optimum rations can be 
predicted for other price relationships. The optimum 
soilage-corn ration and the optimum feeding period 
for the soilage-com rations without stilbestrol under 
various feed-price assumptions would be determined 
in the same way as for stilbestrol rations. 
APPENDIX A 
The Exponential and Modified 
Cobb-Douglas Production Functions 
In addition to the single-equation quadratic model 
discussed in the text, two other models were investi-
gated in an attempt to estimate the beef-cattle pro-
duction function. The first model is an exponential 
model involving a system of equations, and the second 
is a modified Cobb-Douglas function. The exponential 
model had the special form of a recursive system. The 
recursive system of equations included the production 
function, the ration relation, the gain relation and the 
consumption function. 28 
The model includes two endogenous variables (G 
and F) and four exogenous variables (T, R, R2 and 
H) where R is the ration or ratio of com to soilage. 
The reasoning behind these relations is that both the 
beef gains (G) and the soilage consumption (F) are 
experimentally determined, whereas time (T) and the 
ration ( R ) and ration squared ( R 2 ) are predeter-
mined variables, while temperature (H) is truly an 
exogenous variable. To consider autocorrelation, as 
with the quadratic function, the random variables 
were assumed to be generated by an autoregressive 
scheme. An empirical estimate of the autocorrelation 
coefficient was made in a manner similar to the pro-
cedure discussed in the text. The autocorrelation co-
efficient estimated was 0.57596153 with a standard 
error of 0.07509728. This coefficient was highly sig-
nificant at the 0.001 level of probability.29 
When the original data were transformed to loga-
rithms, the variances behveen the time periods (i.e., 
the observation periods) were no longer homogeneous. 
Since the variance for the first time period (i.e., the 
first observation period) was approximately four times 
the variance of the other time periods, the first ob-
servations were weighted by dividing all the variables 
for the first observation period by two. This procedure 
tended to restore the homogeneity of the variance 
between time periods. 
The estimated equations. The estimated gain func-
tions for the over-all stilbestrol and nonstilbestrol ra-
tions are: 
1. With stilbestrol 
(57) log G=0.89782288+0.72323783 log T 
+ 1.4716701OR-l.91775510R2 
-0.00236429H 
II. Without stilbestrol 
(58) log G=1.06433880+0.64511669 log T 
+ 1.2632370R -1.69572540R 2 
-0.00188145H 
The estimated soilage-consumption functions for the 
over-all stilbestrol and nonstilbestrol rations are: 
•• The procedure and logic were developed by Dr. Wayne A. Fuller of 
the Statistical Laboratory, Iowa State University. 
•• The "t" value for the estimated coefficient was 7.6695 with 143 
degrees of freedom. 
1. With stilbestrol 
(59) log F=-0.11743472+1.04132470 log T 
-1.03246990R+0.54436501R2 
-0.00002339H 
II. Without stilbestrol 
(60) log F=-O.20054633+1.08377530 log T 
-1.24860120R+O.75196945R2 
+O.00073851H 
The production functions for the over-all stilbestrol 
and nonstilbestrol rations are: 
1. With stilbestrol 
(61) G=O.389326 FO.094u3G3 eu.0398013R-u.2BG3l11iR· 
-O.Oou-lOGGU 
II. Without stilbestrol 
(62) G=O.623860 FO.OH0521 e4.8521485R 
-a.1471i925R·-(I.0054288H 
The coefficient of determination, standard errors 
and "t" values for the over-all gain and soilage-con-
sumption functions, respectively, are presented in 
tables A-I and A-2 for the stilbestrol rations and in 
tables A-3 and A-4 for the rations without stilbestrol. 
Table A-l. Coefficient of determination, standard errors and 
"t" values for the over-all stilbestrol gain func-
tion (equotion 57). 
R' 
0.9788 
Independent 
variahle 
(constant) 
10'hT 
R2 
U 
Standard 
elTOr of 
regression 
coefficient 
0.06226914 
0.02165814 
0.16934600 
0.42343700 
0.00062402 
14.418 
33.393 
8.690 
4.529 
3.789 
Level of 
signiJicance 
p<O.OOI 
p<O.OOl 
p<O.OOl 
p<0.001 
p<O.OOl 
Table A-2. Coefficient of determination, standard errors and 
"t" values for the over-oil stilbestrol soilage-con-
sumption function (equation 59). 
R" 
0.9989 
Independen t 
variahle 
(constant) 
log T 
R 
R" 
H 
Standard 
"lTOr of 
regression 
coefficient 
0.01670231 
0.00580931 
0.04542330 
0.11357800 
0.00016733 
"t" 
value 
7.031 
179.251 
22.730 
4.793 
0.140 
Level of 
significance 
p<O.OOl 
p<0.001 
p<O.OOl 
p<0.001 
p<0.50 
Table A-3. Coefficient of determination, standard errors and 
"t" values for the over-all nonstilbestrol gain 
function (equotion 58). 
R' 
0.9675 
Independent 
variable 
(constant) 
l0'h T 
R" 
H 
StandMd 
error of 
regression 
coefficient 
0.06564631 
0.02309004 
0.18298530 
0.45061000 
0.00061368 
"t" 
value 
16.213 
27.939 
6.904 
3.763 
3.066 
Level of 
signiJicance 
p<O.OOI 
p<O.OOI 
p<O.OOl 
p<O.OOl 
0.OOI<p<0.005 
Table A-4. Coefficient of determination, standard errors and 
"t" values for the over-all non stilbestrol soilage-
consumption function (equation 60). 
0.9980 
Independent 
variable 
(constant) 
log T 
R 
R" 
H 
Standard 
error of 
regression 
coefficient 
0.02320912 
0.00816344 
0.06469410 
0.15931100 
0.00021700 
8.641 
132.760 
19.300 
4.720 
3.403 
Level of 
significance 
p<O.OOI 
p<O.OOI 
p<O.OOI 
p<O.OOI 
p<O.OOI 
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The variances, which are only approximate, have been 
computed. 
Even though the coefficients of determination for 
this model of the beef-cattle production function were 
quite high, the model was rejected on the basis of 
logic. The beef-gain isoquants were sigmoid curves, 
denoting first increasing marginal rates of substitution 
between feeds and then decreasing marginal rates of 
substitution. However, the model merits further re-
search. 
The Modified Cobb-Douglas Function 
To use the Cobb-Douglas equation to estimate the 
beef-cattle production function, it is desirable to 
modify the function to overcome its symmetrical short-
comings. Various rations, from all-soilage to various 
combinations of corn and forage, were fed in the ex-
periment. The corn input, thus, is zero for the all-com 
ration. If beef gains are to be estimated with the 
classical Cobb-Douglas function, where beef gains= 
g (corn, forage), gains are zero when the cattle are 
fed the all-forage ration. However, the function can be 
modified by replacing the feed-input variable corn (C) 
with (C+a) .30 This procedure also allows derivation 
of isoclines which do not pass through the origin 
(thus, lifting the restraint of the same optimum ration 
at all weight levels for the same soilage-com price 
ratio) . 
30 All of the variables (G, F, C, and H) are measured in the same 
manner as with the expont'lltiai function. 
To consider autocorrelation, the assumption was 
made that the random variable, Ut, was generated 1>Y 
an autoregressive scheme. The autocorrelation coeffi-
cient used to transform the data was the same as the 
one used to transform the data in the exponential 
function discussed in the previous section. Similarly, 
the first observations were weighted in the same 
manner as in the exponential function, and for the 
same reasons. 
The estimated equations. The estimated production 
functions for the over-all rations with and without stil-
bestrol are: 
I. With stilbestrol 
(63) G=0.06413187Fo.41S5354483 (C+400 )0.508!Hl82!J 
e-O.00185945H 
II. Without stilbestrol 
(64) G=0.091115840Fo.38061675 (C+600 )0.621110u5 
e-O.OOlI15832H 
The computed coefficient of determination for the 
over-all stilbestrol production function is 0.9759; the 
coefficient of determination for the over-all nonstil-
bestrol production function is 0.9631. The approxi-
mate variances of the estimated regression coefficients 
and the constant a may, be computed. However, the 
standard errors and "t' values have not been com-
puted. Even though the coefficients of determination 
were quite high for this model of the production func-
tion, it was rejected because it gave increasing returns 
to scale. 
APPENDIX B 
The Aggregate Production Function3l 
The aggregate production function presented in this 
section is based on the same statistical assumptions as 
the over-all stilbestrol and the over-all nonstilbestrol 
31 The aggregate production function has been. tested against the 
over-all stilbestrol production function and the ov .... -all nonstilbestrol 
production function to determine if there is a difference between the two 
over-all production functions. The following F test was used: 
SSE - SSE - SSE 
ag lin os ftn on fin 
df -df -elf 
ag ftn os fin on fin 
SSE + SSE 
oS ltn on ftn 
F =. 
df +df 
os fin on fin 
SSE=sum of squares for error 
df=degrees of freedom 
ng ftn=aggregate production function 
os ftn=ov .... -nll stilbestrol production function 
on ftn=over-all nonstilbestrol production function 
wllcre: 
The computed value of F with 6 and 276 degrees of freedom is: 
F6 =2.3448 
276 
The table valu,," for F with 6 and 276 degrees of freedom are ap-
proximntely: 
F6 
276 equals approximately 2.13 (the 0.05 probability level) 
F6 
276 equals approximately 2.87 (the 0.01 probability level) 
Therefore, at the 0.05 probability level there is reason to believe that 
there is a difference between the ov .... -all stilbestrol and the over-all 
nonstilbestrol production functions. Howev..... at the 0.01 probability 
lovel this disparity between the two functions is no long.... significant. 
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functions presented in an earlier section. It is derived 
from pooling the observations at the two experimental 
locations. All the variables used in the aggregate 
function are defined and measured in the same man-
ner as with the over-all functions. 
The estimated aggregate production function is: 
( 65) G=0.13628727C+0.02193828F 
-0.000OO819C2-0.00000063F2 
-0.OOO00253CF -1.7501l550H 
The coefficient of determination, standard errors 
and "t" values for the aggregate production function 
are presented in table B-l. 
The beef-gain isoquant equation, as derived from 
the aggregate production function, is as follows: 
(66) F=17,41l.33333-2.00793651C 
+ ( -793,650.793) [( 0.02193828 
-0.00000253C) 2-0.00000252 
( 0.13628727C-0.00000819C2 
-1.75011550H-G) ]'12 
The equation for predicting the marginal rates of 
substitution of corn for soilage is: 
(67) of 0.13628727 -0.OOO01638C-0.00000253F 
oC = O.02193828-0.00000l26F -0.OOO00253C 
Table B-1. Coefficient of determination, standard errors and 
lit" values for the aggregate production function 
(equation 65). 
0.9725 
Independent 
variable 
C 
F 
C' 
F' 
CF 
H 
Standard 
error of 
regression 
coefficient 
0.01144547 
0.00157833 
0.00000404 
0.00000011 
0.00000128 
0.22004461 
11.908 
13.900 
2.027 
5.727 
1.977 
7.954 
Level of 
significance 
p<O.OOl 
p<O.OOl 
0.025<p<0.05 
p<O.OOl 
0.05<1><0.10 
p<O.OOl 
The beef-gain isoquant schedules and the marginal 
rates of substitution associated with them have been 
derived for 100, 200, 300, 350 and 400 pounds of beef 
gain and are presented in table B-2. 
The prediction equation for estimating the quanti-
ties of corn and soilage that are required to produce 
various levels of gain for different soilage-com rations 
is derived from the aggregate production function and 
the ration equation ~= a. The derived equation for 
predicting the quantities of corn that are required to 
produce various levels of gain for various soilage-corn 
rations is: 
(68) C=- (0.13628727 +0.02193828a) 
( -0.00001638-0.00000506a 
-0.000001260:2 )-1 + (-0.00001638 
-0.000005060:-0.00000126a2) -1 
[ ( 0.13628727+0.021938280:) 2 
- ( -0.00003276-0.00001012a 
-0.00000252a2 ) (-1.7501l550H-G)] * 
Once the corn values for any given ration have been 
determined, the corresponding soilage values are read-
ily determined with the ration equation F=o:C. 
The predicted quantities of corn and soilage, for 
selected rations at various levels of gain (i.e., 100, 
200, 300, 350 and 400 pounds) and the associated 
marginal rates of substitution of com for soilage are 
presented in table B-3. 
Ration lines 
Total and marginal gain equations, for eight select-
ed rations, are derived from the aggregate production 
function and are shown in table B-4. The estimated 
marginal gain values corresponding to the total gain 
values are presented in table B-5. 
Table B-2. Isoquant schedules, derived from the aggregate quadratic function, showing posisble feed combinations" and marg-
inol rates of substitution of corn for soilage at five gain levels, for SSO-pound good-to-choice feeder steen (temp-
erature is held constant at the over-all mean). 
100 lb •• gain 
Lbs. Lbs. of- Lbs. 
COm soilage Rationb ac !'Oilage 
0 5,394 4 8.10 
100 4,602 46.02 7.74 16,715 
300 3,114 10.38 7.16 11,442 
500 1,731 3.46 6.69 8,880 
700 6,852 
900 5,107 
1.100 3,545 
1,300 2,118 
1.500 
1,700 
1.900 
2,100 
2600 
2:700 
2800 
2:900 
3.000 
200 lbs. gain 
of 
Ration ac 
169.15 148.oI 
38.14 15.15 
17.76 11.14 
9.79 9.32 
5.67 8.21 
3.22 7.44 
1.63 6.86 
300 lb.. gain 
Lbs. 
soilage Ration 
13,339 
9,262 
6,931 
5.066 
3,455 
10.26 
6.17 
4.08 
2.67 
1.65 
44.11 
13.64 
10.21 
8.59 
7.59 
400 lb •• gain 
Lbs. 
soilage Ration 
8,985 
7.418 
6,217 
3.21 
2.56 
2.07 
19.16 
13.32 
10.96 
• For each of the feed combinations, there would also be fed a certain amount of the supplement in table 3. This supplement would be fed at 
the rate of 0.2 of a pound ver day. 
b Ration is the ratio of soilage to com.. 
- The marginal rate of substitution of com for soilage. 
d The all-soilage ration. 
Table B-3. Corn and soilage quantities· and the marginal rate of substitution along the 100, 200, 300 and 400 pound beef-
gain isoquants for selected rations (temperature Is held constant at the over-all mean). 
Ration 100 lb •• gain 200 lbs. gain 300 Ibs. gain 400 Ibs. gain 
(ratio of 
Lbs.b Lbs.- oFd Lbs. Lbs. of Lb •• Lbs. of Lb •. Lb •. of soilage 
to com) soilage com. oC soilage com oC soilage com ac soilage com aC 
All soilage 5,394 8.10 
20;1 3,886 194 7.45 9,286 464 11.61 
15;1 3,565 238 7.32 8.302 553 10.54 
10;1 3,067 307 7.14 6,924 692 9.37 13,067 1,307 37.74 
8;1 2,779 347 7.04 6,186 773 8.86 11,083 1,385 19.14 
5;1 2,173 435 6.83 4,731 946 8.01 8,004 1,601 11.51 
3;1 1,572 524 6.64 3,371 1,123 7.36 5.538 1.846 8.94 8,484 2.828 16.73 
2;1 1,170 585 6.52 2.492 1,246 7.00 4,047 2.024 7.93 6.034 3,017 10.68 
• For each of the feed combinations, tbere would also be fed a certain amount of the supplement shown in table 3. This supplement would be 
f~d at the rate of 0.2 of a pound per day. 
b The all-soilage value was derived from equation 66, all other values we,.. d .. rh·oo from the ration equation F=aC . 
• Derived from equation 68. 
"The marginal rate of sub,titution of com for soilage. 
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Table B-4. Total and marginal gain equations, derived from aggregate production function, for selected rotions for 8S0-pound 
good-to-choice feeder steers. 
Ration" 
Ration A 
All soilage 
Ration B 
20:1 
Ration C 
15:1 
R,t;on D 
1011 
Ration E 
8:1 
Total gainb 
G",-0.02193828'YA -0.00000063')1"'" 
-1.75011550H 
Gn=0.02738347'Yn -O.00000070')l·B 
-1.7501l550H 
Gc:::::0.02908509')10 -0.00000073'Y·0 
-1.75011550H 
GD=0.03233364'YD -0.00000080')l"D 
-1.7501l550H 
GE=0.03464372'YE -O.00000085'Y"1II 
-1.75011550H 
Prediction equations for: 
Marginal gainb 
~GA =0.02193828 _ 0.00000126')1'" 
v')lA 
'OGB 
'O')IB =0.02738347 - 0.00000140')lB 
aGo 
'O')Ic =0.02908509 - 0.00000146')1c 
'OGD =0.03233364 0.00000160')lD 
'O')ID 
aGE =0.03464372 
'0')110 0.00000170')lPJ 
Ration F G,,=0.04099645')1" -0.00000102'Y"B' ~GB' 
5:1 -1.7501l550H 'O'Y" =0.04099645 - 0.00000204')1" 
Ration G Go=0.05052553')10 -0.00000134')1'0 aGo 
3:1 -1.75011550H '0')10 =0.05052553 - 0.00000268')10 
Ration H Gn=0.0600546l')1n -O.00000175'Y"S aGo 
2:1 -1.75011550H 'O')IS =0.06005461 - 0.00000350')111 
• Ration is the ratio of soilage to com. • 
a In each equation, 'Y denotes total pounds of feed of the particular ration indicated by the small capital letter follOWing ')I. 
Table B-S. Estimated marginal gain from various total feed quantities of selected soilage-com rotions fed to 8S0~lJound good-
to-choice feeder steers. 
Pounds 
of feed 
fed 
500 
1,000 
2,000 
3,000 
4,000 
5,000 
6,000 
7,000 
8,000 
9.000 
10,000 
11,000 
12,000 
13,000 
14,000 
15,000 
16,000 
17,000 
All 
soilage 
0.02l.3 
0.0207 
0.0194 
0.0182 
0.0169 
0.0156 
0.0144 
0.0131 
0.0119 
0.0106 
0.0093 
0.0081 
0.0068 
0.0056 
0.0043 
0.0030 
0.0018 
0.0005 
20:1 15:1 
0.0267 0.0284 
0.0260 0.0276 
0.0246 0.0261 
0.0232 0.0247 
0.0217 0.0232 
0.0203 0.0217 
0.0189 0.0203 
0.0175 0.0188 
0.0161 0.0173 
0.0147 0.0159 
0.0133 0.0144 
0.0119 0.0129 
0.0105 0.0115 
0.0091 0.0100 
0.0077 0.0085 
0.0062 0.0071 
0.0048 
• All values are derived from the equations in table B-4. 
b The ration is the ratio of soilage to com. 
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Marginal gain- in pounds for selected rations: b 
10:1 8:1 5:1 3:1 2:1 
0.0315 0.0338 0.0400 0.0492 0.0583 
0.0307 0.0329 0.0390 0.0478 0.0566 
0.0'!.91 0.0312 0.0369 0.0452 0.0530 
0.0275 0.0296 0.0349 0.0425 0.0495 
00260 0.0279 0.0329 0.0398 0.0460 
0.02·t4 0.0262 0.0308 0.0371 0.0425 
0.0228 0.0245 0.0288 0.0344 0.0390 
0.0212 0.0228 0.0268 0.0318 0.0355 
0.0196 0.0211 0.0247 0.0291 0.0320 
0.0180 0.0194 0.0227 0.0~64 0.0285 
00164 0.0177 0.0207 00237 0.0250 
0.0148 0.0160 0.0186 0.0'!.10 0.0~15 
0.0132 0.0143 0.0166 0.0184 0.0180 
0.0116 0.0126 0.0146 0.0157 0.0145 
0.0100 0.0109 0.0125 
0.0084 
